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I. INTRODUCTION 
In the highly complex and rapidly changing industrial world 
surrounding us~ the place of Research and Development is assuming 
ever increasing importance to management engaged in the economic 
struggle labelled nbusiness. "~ Wherever one looks, the frUits of the 
technological advances fostered by science and engineering are very 
much in evidence. In the home~ living is more comfortable, in the 
factory, physical effort is replaced by mechanical aids, in the office 
machinery processes more data with more accuracy and speed at a 
fraction of the cost. In these and many other areas the forward prog-
ress has been something just short of miraculous. Many industrial and 
consumer products on the market today weren't even thought of two 
decades ago and the products of the next decade are only now beginning 
to form as ideas in the minds of the men working with the test tubes, 
slide rules and microscopes. 
To many persons, Research and Development conveys a cer-
tain aura of mystery coupled with the suspicion that accompanies those 
phenomena which are not completely understood. Witness the descrip-
tive terms that are widely used today such as ••Ivory Tower;' used to 
describe the physical location behind the door labelled l'LABORATORY.."1 
and 11Long-Hairs!L the unflattering title bestowed on the occupants of this 
1 
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facility. Yet it is understandable when one pauses to take stock of what 
is before him, forces that surpass one human being 1s comprehension of 
power and progress in raising standards of living at a rate considered 
unbelievable a few short years ago. Certainly any activity which con-
stitutes an annual expenditure in the United States of nine billion dollars 
can expect to be viewed with awe and astonishment. 
Management today faces the problem of coordinating and 
guiding this wealth of knowledge and creative resources into the com-
plex industrial scene so that the ultimate success of the company can be 
assured. In many instances Research and Development is but a name to 
management who strongly suspects that it has a vital role to play and 
yet great uncertainties gnaw at the group responsible for the decision 
to enter this mysterious realm: should the company engage in Research 
and Development; how large a program is justified; what are the risks; 
what are the returns; these and many more beg answers and deserve 
answers before management dares to back a company program. 
A. PURPOSE 
This thesis will explore the many facets of the management 
problem facing a company that is engaged in Research and Development. 
The reader cannot hope nor should he expect to find the answers to the 
questions raised during the search for guidance. These decisions must 
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be management-based, influenced by the intimate knowledge of the par-
ticular company and based on long years of valuable experience. How-
ever.., once the decision to enter an._ R & D program has been made with 
full knowledge of the various aspects discussed here, then the manage,--
ment may have more confidence in the activity and be in a position to 
guide and control it with the recommended tools. 
Compared with other phases of the industrial world such as 
marketing, finance, production and methods, relatively little material 
has been published about R & D. Much of the available literature deals 
with specific segments and a large part of the management phases are 
concerned with the actual operation rather than dealing with the execu-
tive level problems of maintaining control within the over-all organiza-
tion. 
Admittedly.., much of this deficiency is attributable to the 
relatively recent entry into the industrial picture of Research and De-
velopment as an organizational entity. While the basic function is not 
new the formal relationships of R & D have developed only as individual 
companies became aware of its importance to the success of the business. 
With this recognition..,. the stature of the activity has grown rapidly and, 
having proved itself, has achieved its proper status in the well balanced 
management relationship. 
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B. SCOPE 
The discussion that follows is intended as a guide to a com-
pany not now engaged in formal Research and Development. A fixed 
pattern cannot exist for each company since each has problems and 
needs peculiar to itself. Thus, the company already operating an 
R & D program has benefited by its own experience far more than can 
be expected from a limited discussion such as this. 
What is known about the role of R & D, its past success 
and its future potential, will be di~cussed primarily for the benefit 
of the management which does not have first hand experience in op-
erating such an activity. The management must establish its objec-
tives before it is possible to design tools to guide and evaluate this 
new operation. In order, due consideration must be given to the initial 
decision to activate an R & D program. It must be a long term decision, 
for experience has proved that the most effective results come from a 
sustained program over several years' time rather than from short in-
tervals of intensive effort. Secondly, the organization of the function 
and its relationships to the rest of the management team will be reviewed. 
Only after this point is reached can the discussion of control tools for top 
management be considered. Finally, the actual controls needed to enable 
management to fulfill its responsibility of keeping abreast of the R & D 
activity and controlling its progress in line with the over-all corporate 
needs will be proposed. 
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II. THE DECISION TO ENGAGE IN RESEARCH AND DEVELOPMENT 
The competent management team arrives at the final decision 
to enter into Research and Development only after careful thought and 
consideration of the many problems to be encountered. The germ of the 
idea that such a program deserves serious attention may originate at 
almost any point in the company.. in any department and at any level of 
the organizational structure. Whether the idea comes from a Board of 
. 
Directors meeting_. a field sales manager or a production foreman .. the 
suggestion will ultimately arrive at that position responsible for making 
the highest level operating decisions in the company. This must o.ccur 
eventually for the decision will affect every subdivision in the organiza-
tion and without the enthusiastic support of the top executive .. the sue-
cess of the program will be .. at best .. dubious at the outset. Similarly .. 
the question requires consideration from every possible point of view 
and such an evaluation is not practical at any but the highest management 
·level. Thus3 depending on the individual company.. the decision will be 
that of the Board.. the President or Executive Vice President. 
This decision should not be treated lightly .. Careful thought 
and thorough answers must be given to each of the classical questions 
that the executive is accustomed to asking and he will find himself ask-
ing many new questions before the decision is reached. Due consideration 
of the effect on the major company functions of Sales, Production and 
Finance is needed. Without adequate thought and careful planning, the 
company may discover, too late, that it has opened a Pandora's box of 
insoluble difficulties. 
6 
Careful decision-making must not be confused, however3 with 
avoidable delay in collecting the information necessary to conclude the 
matter. Time is an extremely valuable commodity in a competitive en-
vironment. Postponing a decision unnecessarily may prove to be just as 
dangerous as failure to consider all aspects carefully. 
A. WHY BEGIN AN R & D PROGRAM 
Many arguments will be advanced in defense of initiating an 
R & D program. Just as many and equally well-founded counter-
arguments will be heard. Taken individually or collectively, both sides 
considered together or separately, these arguments may form a very con-
vincing case one way or the other. Underlying all of those well thought 
out points of discussion is the fundamental question of why the company 
is in business in the first place. In a freely competitive economy, the 
primary business motivation is to provide goods and services to the con-
sumer at a fair price, sufficient to make reasonable profit and in turn 
provide an adequate return to the stockholders on their investment in the 
enterprise. While this fundamental principle may be tinted in varying 
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shades by government controls~ subsidies3 monopolies and other minor 
adjustments to the theoretical free economy .. nevertheless. it still re-
mains the motivating force for business. Since management is responsi-
ble for carrying out this business objective. it must eventually base all 
its decisions on whether or not their actions will continue to accomplish 
this goal. 
Having established the .criteria for the basic framework sur-
rounding the decision-making process ... an inspection of motivations to 
reach the desired end point is needed. 
1. Keep Abreast of Competition 
In the .economic struggle called free enterprise, no greater 
force exists than the demand of the consu,mer. A company's. competitors 
can be expected to be just as sensitive to this pressure as the company 
itself .. Feeling. the effect of this pressure .. no concern can afford to ig-
nore it., for each competing .company may stand ready to satisfy this con-
sumer demand. The time-tested, though slightly worn adage 11Build a 
better mouse trap, etc. 11 is just as valid today as it was in the dawn of 
the Industrial Revolution. Time is always on the side of the first com-
pany on the market with a new product. Given a virtual monopoly, even 
if but for a short time, the producer has freedom o;f pricing according 
to the economics of supply and demand without need for concern over the 
.competitive forces of meeting the market price. 
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As is demonstrated in the example below, keeping abreast of 
the competition usually means being a step ahead on occasion, for to be 
behind is an infinitely more difficult handicap to overcome. Thus, the 
desire to engage in Research and Development may stem from outside 
forces in the competitive market which dictate that unless a company is 
prepared to be in the fore, it may. all too quickly find itself trailing in 
the race to obtain and hold the needed share of the market. 
A brief sketch of the following example demonstrates this 
point most forcefully. In the early 1940's, the pen industry was startled 
to see the first significant change in years in the instrument designed to 
transfer ink to paper, Not since the fountain pen was first marketed 
had the consumer been exposed to a revolutionary innovation like the 
ball point pen. Given a strong assist by an excellent promotional cam-
paign, the ball point pen, marketed by Reynolds and selling at twice the 
price of good fountain pens, set a record of sales growth that was truly 
phenomenal. A corresponding decline in fountain pen sales was inevita-
ble. Then something happened. The fountain pen manufacturers re-
covered from the initial surprise and began to market competing items. 
One firm bought out Reynolds at his peak in an effort to ride the crest 
but the plateau had been reached. As new wares appeared, prices began 
a steady decline until, in a short space of time, competing lines could be 
found in 5 and 10 cent stores. The ball point pen eventually succumbed 
to competition's forces to keep prices in line with value. 
The lesson to be learned is that by being one step ahead~ the 
original manufacturer was able to capitalize on the novelty of the :prod-
uct3 recover all of the original developmental costs and clear a profit 
to the business that has been estimated at several million dollars. In 
the meantime the competition was faced with declining sales .and the 
problem of catching up to the leader. 
Certainly.an R & D program won~t always .come up with a 
ball-point pen but the opportunityexists and in the meantime keeping 
abreast of the competition will more than pay for itself on the balance 
sheet . 
. 2 •. Develop Growth for the Future 
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The present always demands more attention simply because 
the problems are known qumJ.tities and can be dealt with in quantitative 
terms. The future is much more uncertain and the decisions concerning 
it are infinitely more abstract. However .. every company expecting to 
be in business for some time to come must prepare intelligently and 
thoroughly. Planning for future growth must take into account how this 
growth will be achieved. 
In an economy that is. constantly expanding not only from the 
increases in living standards but also because of a tremendous popula-
tion growth .. the nation must expect to produce more in each succeeding 
year .. The demand will compel it to do· so .. And .. _ at least in the 
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forseeable future, this must be accomplished by a proportionately 
smaller labor force. Increased longevity and the ever increasing wave 
of children are rapidly swelling the ranks of those outside the productive 
age bracket of 18 to 65. Thus more must be produced by proportionately 
fewer people. The answer must lie in technological advances which will 
increase the per capita output to a rate consistent with the demands of 
the economy. 
As will be demonstrated later, the time for formation of ideas 
and projects in the R and.D stages is already past if the next economic 
wave is to be met successfully. Individual companies which desire to 
be ready to benefit from the cycle crest must be preparing now their 
new products, increased production capacity and improved marketing 
methods. Research and Development will be the prime mover and even 
at this time competing companies are marshalling their forces for the 
imminent surge. 
3. Product Diversification 
The term Product Diversification has become almost as 
magical as Research and Development in the past decade as a cure for 
business .ailments. Viewing from the practical side, however, it does 
tie in quite closely with the discussion above on growth, with several 
added features. In addition to providing new outlets for a company's 
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expanding resources., it offers the added advantages of protection against 
obsoles.cence of existing products or product lines. It also tends to mini-
mize the effect of recession or dip in a particular product's market-
ability. Diversification broadens the company base and permits more 
effective utilization of available resourceS 3 skills, facilities and mar-
keting outlets. Suitably chosen3 it may also reduce competitive pres-
sures or at least dilute them to more manageable limits. 
Recently. the more attractive source of new product lines 
has been through acquisitions and mergers but the role of Research .and 
Development must not be underrated as a prime supplier of new products .. 
even totally new lines which previously did not exist. Complementary 
lines appear to be preferable because previous .experience is readily 
available within the existing organization for this growth mechanism . 
. However, totally unrelated products may prove to be the best selection 
for the particular circumstances. In either event, R and D can be and 
should be a prime source for the new product's development from idea 
to reality. 
B. WHO SHOULD CARRY OUT THE R & D PROGRAM 
The Research .and Development program of a company is not 
unlike many other aspects of a business organization. Depending upon 
the particular company's requirement, it may be fitted into ·the over-all 
I 
I 
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operation in a variety of ways. No one way is best, as long as the 
basic needs are met. The resulting organizational arrangement may 
vary widely from company to company and from industry to industry. 
One of the princip.al points to bear in mind is that R and D 
is an activity calling for highly trained and experienced personnel. 
Just as some companies may deem it advisable to J:?.ave their entire 
promotion and advertising pro gram carried on by an outside agency, 
so may a firm elect to contract with a technical consulting organiza-
tion for all of its Rand D work. On the other hand, like the company 
that employs a team of competent investment men to handle all of the 
securities and investments, so may a fully staffed Rand D department 
be employed on the company payroll. 
The combinations of choices are many and as stated previ-
ously, the final selection of method best suited must be based on in-
dividual needs. However, it is important that as many alternatives 
as possible be explored. Hence an examination of the more widely 
used is in order. For a breakdown of how the national Research and 
Development funds are distributed among these categories, see 
.Figure I. 
Fl GURE I 
DISTRIBUTION OF U.S. RESEARCH AND 
DEVELOPMENT EFFORT 1953 
U.S GOV'T. R S D. 
PERFORMED 8Y 
INDUSTRY. 
23% 
US GOV'T. R. S D. 
PERFORMED 8Y 
GOV'T. 
I e 0/o 
PRIVATE INDUSTRY 
45% 
COMM. CONSULTING FIRMS - 1% 
NON-PROFIT RESEARCH INST -1°/o 
TOTAL 1953 R. a D. EXPENDITURES ~5.4 BILLION 
TOTAL 1956 R. a D. EXPENDITURES ~ 9.0 BILLION 
SOURCES• 
N.S.F SURVEY 1953-54 
N.S.F. SURVEY 19 56 
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1. The Internal Organizational Unit 
The most widely used arrangement consists of a formal Re-
search and Development program carried out by a company's own em-
ployees. The requisite facilities and equipment are a dire.ct company 
expense and the organizational unit is .completely self contained. The 
results of this team's efforts are used entirely within the company3 ex-
cept for the more fundamental knowledge exchanged through professional 
organizations, technical paper presentations .and the like for the general 
advancement of the science. Patentable developments become the com-
pany's property and protection against competition is reasonably assured. 
There are numerous advantages and s.ome disadvantages to this 
arrangement. Without examining relative merits, a brief statement con-
cerning each is needed. As.sume for this discussion that the company is 
ope:J;'ating a completely self contained Research and Development depart-
ment staffed solely by its own employees, and that the results of the pro-
grams are solely for the company• s own benefit. 
From management's point of view, this represents the arrange-
ment over which maximum control can be exercised. Projects may be 
initiated.and terminated at the direction of management with a minimum 
of delay depending upon corporate requirements. The proper controls 
for safeguarding the technical content from outsiders may be exercised 
to prevent leakage to competitors. Automatic control to a certain extent 
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of the level of R and D expenditures is assured. As will be demonstrated 
later R and D costs are a major function of the number of scientists and 
engineers engaged in the effort and rapid expansion by rapid additions to 
staff is not as likely if a well balanced team is to be maintained. It takes 
time to recruit talent. Similarly, long term continuity of an R and D 
effort is assured if the temptation to reduce a total program involves 
terminating permanent employees. 
Other notable advantages to the internal unit plan include the 
opportunity to select and build the right type of staff consistent with long 
range corporate objectives. Having to view the long term certainly places 
more responsibility on top management for sound decisions in this entire 
matter in the fir~t place. Under this .arrangement, management is simi-
larly in a position to keep actively informed of progress and new develop-
ments so as to take advantage of changing situations almost as they occur. 
Having a staff of its own employees also has the advantages of 
securing and maintaining the personal allegiance of the R and D worker 
which assures that his total productive performance will be solely in the 
company 1s interest. Likewise, the personal relationships between depart-
ments will permit the R and D function to be coordinated more closely with 
the rest of the organization. Internal operational knowledge of this kind 
will most likely develop active cooperation between departments. 
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Viewing the other side of this arrangement does present some 
corrollary disadvantages, however. Because an internal unit is so closely 
oriented to the company as a whole, it may have difficulty achieving the 
necessary flexibility .. For example, if a totally new product line is needed, 
the necessary technical talents may not be available in the existing staff. 
As mentioned earlier, recruiting takes time. This is particularly true 
in the first few years of an Rand D department's existence when the staff 
is small and it is just not possible to maintain initially all of the talents 
the company may be able to use in the future. The limitation of avail-
able personnel also poses a problem if a short range intensive project is 
required by corporate needs .. The manpower just isn 1t there. Yet it 
would be totally impractical to hire to meet the need and discharge the 
same people a few months later upon completion of the work. 
While on the subject of personnel, another drawback presents 
itself when considering the internal organizational unit. Having a· simi-
larity of talents, conditioned by the same environment and possessing a 
unanimity of purpos.e,a staff may display a lack of originality, new ideas 
or the t 1fresh point of view:r. which is a serious handicap to any group whose 
primary motivation is from within the person .. While it is true that many 
novel points of view may come from the other sections of the company, 
the technical approaches to problem solution will more likely originate 
from the technical man, hence the importance of that different line of 
approach. 
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In the financial area, which will be considered in more detail 
below, the continuity of a level of activity may prove to be an undesirable 
feature of a totally contained internal department. The cut-back of a going 
activity which has been skillfully developed and which possesses a high 
degree of coordination may seriously disrupt the progress of the remain-
ing staff. It will find itself short of needed talents and background. The 
possibility of such a situation may more or less commit the .company to a 
continuing level of activity in excess of its long term needs. Similarly, 
this aspect may lead management to develop a hesitancy to increase the 
operating level when the short term needs indicate this expansion to be 
desirable but the long term planning can •t justify this sustained increase. 
Viewing this arrangement as a whole, it has been developed 
that maximum management control is possible under this alternative. 
There are accompanying advantages but certain disadvantages are inherent 
also. The relative weights assignable to each must be dictated by the in-
dividual company situation. 
2. Outside Specialists 
The discussion of outside specialists generally titled by the 
profession as uconsultantsu is considered immediately after the internal 
organization because there are a number of similarities connected with 
this manner of performing Research and Development. 
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Consultants may fall into two broad categories each of which 
should be considered separately since their functions and methods of 
operation are different. On the one hand is the independent or individual 
consultant and on the .other is the consulting firm comprising a number of 
individual persons. Each will provide professional services of the type 
desired by a client company under a contractual arrangement for an 
agreed upon fee. This fee may be expressed either in terms of a per 
diem or in the case of a defined project may be at a fixed payment for 
the entire effort. It has been generally .conceded that the reputable con-
sultant's fee is reasonable and in line with the professional service re-
ceived by his client. 
The independent consultant is either in business for himself 
or holds a teaching post which permits him to do consulting work in the 
time not taken up by academic duties (usually in a college or university). 
His services are available on a per diem basis .and he places himself at 
the client's disposal during this time. Any expenses for travel, materi-
als, telephone or such incurred directly for the client's benefit by him 
are billed separately. As the client prefers, he is available to work 
directly with the company's own personnel in his particular area of spe-
cialty on the client's premises if necessary. Thus it is apparent that the 
arrangement may offer certain important advantages. 
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For example, it is possible to supplement the internal Rand 
D organization with a particular talent not available inside the department 
as well as to expand the number of personnel engaged in the activity. 
This is particularly attractive to the company with only a short term need 
for either of these additions to its staff. The .arrangement may be termi-
nated as specified contractually at a fixed date or with suitable advance 
notice, normally one to four weeks to allow sufficient time to complete 
the consultant's current phases. 
Equally attractive is a more continuous arrangement where 
the consultant, possessing an exceptionally well suited background in the 
company's area of interest, may be retained to s.pend a few days a month 
reviewing internal progress,. coordinating the over-all program or supply-
ing a fresh source of ideas and different point of view. This particular 
use of an outside consultant obviously leads to a closer working relation~ 
ship than the short term one-time use and permits utilization of his prior 
experience with the client company for its continued benefit. 
It must be emphasized,. however» that regardless of how close 
the working relationship is .. the consultant is still an independent party, 
bound only by the written contract. He usually serves several clients 
simultaneously and availability may become a limiting factor. More im-
portant is the possibility that his scope of technical activity may be limited 
by a prior commitment to another client in a given area that is of interest 
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to the company. As a result, he is bound ethically not to render service 
in the subject to more than ·one client without delicate negotiations between 
the parties concerned. This might prove particularly difficult if compet-
ing companies are involved. The reputable consultant is bound ethically 
to protect the interests of past and current clients at all times. Of course, 
this is advantageous, as well as a disadvantage, for a company can be as-
sured that its confidential information will not be transmitted to the out-
side by the consultant. 
The other source of consulting is the firm composed of several 
or many individuals who provide their s.ervices singly or collectively in 
much the same manner as the independent consultant. Their legal organi-
zational form may be either a partnership, proprietorship, corporation 
or nonprofit institution (not to be confused with educational institutions). 
In any event, their ultimate objective is to provide professional services 
of their staff to the client company for a reasonable fee. This service 
may be rendered by one, two or several members of the firm's staff, 
depending on the scope of the project under contract. 
The consulting firm offers a number of advantages over the 
individual consultant. The variety of talents available from a group such 
as this usually covers a broad area of a technical field. In addition, the 
firm generally maintains its own facilities so that its work for the client 
can be carried out in properly equipped quarters without creating an acute 
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space problem at the client location. As the particular project develops, 
the additional personnel will be readily available to work with associates 
with whom they are well acquainted. Most important is that the consulting 
firm will supply experienced internal management and administration of 
the project team, thus relieving the client of a difficult coordinating 
problem. 
While the usual function of the consulting firm is to provide 
services of a reasonably well defined scope, it is not uncommon to find 
individual relationships developing which continue on a more personal 
basis between a client and the firm's staff member. True, the staff mem-
ber remains primarily a representative of the firm, but he becomes just 
as strong an extension of the client's Rand D program as the independent 
consultant. 
The question of industrial security rarely becomes a problem 
when dealing with consultants. As indicated above, a strong code of pro-
fessional ethics binds consultants to their clients and prohibits unauthor-
ized disclosures of company s_ecrets to the outside. In fact, it can be as-
sumed that more company secrets are lost through employees who move 
over to competitive companies and are not bound by a strict code, than 
leakage through consultants. 
I 
21 
The principal disadvantages to keep in mind concerning con-
sultants are first, that the talents desired by the client may not be avail-
able due to prior commitments and, second, but more important in the 
long run, tb.e experience gained as a result of the work does not remain 
with the client 1 s own staff. 
3 .. Trade Associations 
Trade associations are not new to the industrial scene. In fact 
their origins can be traced back to the guilds of mercantile Europe. How-
ever, their participation in Research and Development activities has be-
come an important phase of any company's R and D program only in recent 
years. While it is true that some such associations have monopolistic 
overtones and a few have even succumbed to anti-trust actions, the usual 
environment in which they exist make it natural for certain types of Rand 
D activity to be carried out on behalf of its members. 
Since the trade association is supported jointly by its members, 
no one company can expect to have its own Rand D work done by the as-
sociation's laboratory. The association concerns itself with more funda-
mental activities aimed at advancing the trade's arts and scientific know-
how for the mutual benefit of the entire membership. Thus if a company 
is engaged in business in an industry having a trade association, it should 
consider the role that the association's Rand D activity would play in the 
company's own program. 
/ 
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The association stands in a unique position to avoid costly 
duplication of basic R and D work and on a limited basis may provide 
technical service if mutuality of interest exists.. Naturally their work 
becomes industry-wide knowledge and to the smaller concerns 9 this be-
comes a valuable source of new ideas for further exploration in"its. own. 
department. 
Obviously~ the management control that may be exercised by 
any one company on the association's Rand D program is nil. The par-
\ 
ticipating members acting jointly govern activities and only through this 
mechanism can the association continue to achieve its purpose. Company 
management should. however, take full advantage of the already existing 
activity in formulating its own program. Here control is possible . 
. 4. Other Outside Activities 
Various other organizational units outside the general scope of 
industry carry on Research and Development in one form or another. 
For differing reasons. it is felt that these are beyond the scope of this 
thesis .. Suffice it to say that management must be alert to possible de-
velopments by these outside agencies . 
. For example, the U. S. Government's Rand D program, while 
sizable, is dedicated to defense and public health and welfare. Only when 
the Government contracts with private industry to perform this work does 
it become a management control problem. ·When a company undertakes 
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to do this, a whole host of new problems arise calling for differing kinds 
of control tools. 
Profes-sional organizations whose membership is composed of 
individual scientists and engineers are primarily forums to facilitate free 
exchange of nonconfidential developments in respective technical fields. 
Colleges .and universities have as their primary purposes edu-
cation and fundamental research. While private companies may act as 
sponsors of various research projects, the choice of program and control 
usually rests entirely within the academic administration. 
C. TIMING OF ENTRY INTO THE R & D PROGRAM 
Up to this point in the decision making process, no reference 
has been made to the element of time. Yet management will discover 
that time is one of the most important considerations in an effective R 
and D program. Just as it is important in an operating program, it also 
deserves careful consideration in the initial decision to engage in R and D. 
Considering first the two extremes, too early and too late, if 
management should attempt to initiate a program before the company is 
prepared to integrate it into the over-all operation, the operation is, at 
best, doomed to mediocrity, and possible failure. Coupled with the 
financial losses accompanying such a false start, it is not difficult to 
visualize that such a result would make lasting impressions on manage-
ment that R and D is to be viewed with skepticism at some future date. 
, 
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Equally tragic, would be the outcome of a program initiated only after 
too long a period of waiting to organize the effort when the most opportune 
time had long past. The result would most likely be a frantic rush of 
effort and wasteful expenditure of funds with questionable success. 
Research and Development cannot be hurried. It does not 
recognize the time clock or the calendar. Many ideas and developments 
must germinate for a period of time in the minds of the scientist and en-
gineer and doubling the number of minds will not halve this germination 
period. Similarly, an extended work week or speeding up attempt will 
not accelerate progress proportionately. R and D's evolutionary process 
is not tied to the number of drawings made or the number of models built 
but rather is the result of careful analytical thought which continues re-
gardless of the length of work day. In most instances it goes on well into 
the nights and week end$. It is not uncommon for a sudden inspiration to 
send a scientist into the lab at some late night hour or week end. Best 
results may occasionally be possible only if the project is set aside and 
left alone during a period of gestation while the personnel turn to some 
other assignment in the hope that a fresh look at a particularly knotty 
problem days later will result in the answer. 
Admittedly, the unit of time will become an important factor 
to the management for control later on but that is only because no better 
unit of measurement for R and D can be expressed. Inspiration is not 
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measurable in finite units. An important technical breakthrough may 
occur overnight or only after weeks of painstaking effort and there is no 
known way of anticipating which it will be in advance. 
Lest the assumption be made that time cannot be estimated 
for an over-all program,. it should be brought out that a skilled adminis.-
trator .. within reasonable tolerances •. can estimate over-all time re-
quirements. Experience will dictate what can be expe.cted, but the im-
portant thing to bear in mind is that very little can be done to change the 
time process. 
Thus, management is faced with the immediate problem of 
timing its entry into art R and.D program at just the proper point to maxi-
mize its usefulness. To enter a program when the .company needs it is 
already too late since it is imperative that proper preliminaries desc:f.ibed 
in further detail below be thoroughly explored, carefully developed and 
systematically put into operation. A g~ance at Figure II will give some 
indication of the lengths of time involved to arrive at given points in the 
development. Figure II-A deals with Section 1 below, and concerns the 
time steps in the typical product development program. Figure II-B 
deals with the organizational aspects of developing such a program to 
enter at a desired point in the product development program. 
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1. Lead Time Requirements..:.Product 
The entire scope of Research and Development for a given 
product may be subdivided into various time segments, each with an 
appropriate title. The length of time that it takes to move through each 
phase may vary somewhat but for proper long-range planning1 particu-
larly at the outset of a program~ these time lengths are reasonably con-
stant. 
Assume that a new product has just entered into volume pro-
duction with no further design modifications anticipated. That product 
will have gone through the following phases in reverse order with the 
approximate time in each phase as indicated. 
a. Product Development - 0 to 3 years prior to production. 
This period saw the product emerge from the laboratory as a recogniza-
ble unit. It might have been a test tube sample or a bench scale model 
but it resembled the finished product in many respects. Development of 
this entity proceeded through full scale design to .a pilot model which re-
sulted in limited quantity production. The finished product was firmly 
fixed at this point and moved into production engineering .. Almost simul-
taneously, market surveys were carried out and the decision to prepare 
for full scale production was reached. Then production facilities were 
prepared, tools and associated plant were made ready and the production 
sequence was ready to begin. 
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b. Applied Research - 3 to 5 years prior to production. 
During this phase of the new product's development, one of the most 
startling and near miraculous changes occurred. Science's vast store-
house of knowledge and techniques was explored from every possible 
angle in the search for some indication, some glimmer of a new idea 
that might ultimately lead to a useful~ marketable and economically 
feasible new product. This amazing transition does not take place with-
out false starts, interim disappointments and apparent failures. Many 
possible explanations for abandonment of certain lines of investigation 
occur during this relentless search. The mortality rate of projects is 
high and it requires a shrewd sense of business acumen to know which 
projects to reject and which appear to have promise. 
It is during this period that the maximum in cooperation by 
the entire organization is most needed, and if present, can be most ef-
fective. Many times along the path, business judgment from every as-
pect of the operation must be applied. Otherwise the boundless enthusi-
asm of the researcher may gain unjustified momentum down a road which 
is eventually a dead-end. This can only result in ultimate disappointment, 
needless expenditures and most serious of all, loss of valuable time, the 
irreparable damage being the last. 
Thus it becomes apparent that a real need for some manage-
ment control exists in this area which is most subject to pursuit of an 
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unattainable goal. Proper controls for this phase of the activity will be 
considered later in the discussion. Bear in mind, however, that the key 
to fruitful yields in this phase of the R and D program lies in effective 
utilization of the Applied Research effort. 
c. Fundamental Research- 6 to 10 years prior to production. 
The warehouse of scientific knowledge referred to above is like any 
reservoir. As it is drained, it must be replenished or at some future 
date, the basic learnings ne~ded for further technolgical advance will 
not be available. 
Fundamental Research, sometimes referred to as Basic Re-
search,is the scientistr s continual search for new information in tech-
nology. Its sole purpose is to provide new insight into the basic struc-
ture of natural phenomena, to learn more clearly the mechanisms of 
nature and to master techniques for measuring and understanding the 
forces of the universe. In this fascinating quest, there are no failures, 
for everything that is learned, even through mistakes, adds to the scien-
tistr s knowledge of the fundamentals. 
Because of its basic nature, this activity is less directed in 
ultimate purpose because no one knows the eventual end point of a par-
ticular line of investigation.. It is generally limited only by finite forces, 
such as time, available manpower and finances. Every user of the results 
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of fundamental res.earch has an implied obligation to replenish the ware-
house. It may choose to do so by sponsoring university programs or 
setting aside part of its own R and D effort for this purpose. The propor-
tion of the total expenditure need not be large for there is. a thousand-fold 
multiplication of the basic learning as it passes through each succeeding 
phase. However, if the economy is to .continue to benefit from technology, 
it must not be ignored entirely. 
2. Developing an Effective Program 
Once the decision to engage in Research and Development has 
been made, an effective program will result only after careful, logical 
planning of each step in the development. This will include the building 
of the program itself as well as integrating it into the organization. Man-
power, money and facilities alone do not constitute an Rand D. department. 
These ingredients,. like a fine recipe, must be blended in the proper pro-
portions. Much more necessary is .a clear statement of purpose, scope 
and place in the company structure. And finally, the single most impor-
tant step of all is to secure a competent person to take the responsibility 
for operating the program. 
These steps, each of them time consuming, must be taken 
before the R and D program can get underway. At this point the program 
enters into the time-step schedule developed in the preceding section. 
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It is not unreasonable to expect that a year will elapse before the program 
is under way and functioning smoothly. Hence this time unit must be 
.added to the product lead-time requirements in order to visualize the 
total calendar time needed to put the results .of R and D onto the produc-
tion line* 
The remaining question to be answered by management is how 
broad a program shoul-d be undertaken. The entire spectrum of Rand D 
has been discussed!. earlier. M;anagement must decide how much of this 
it wishes to fuclude in its own activities~ ·what steps it will take to in-
corporate other sections later on and what portions will be specifically 
excluded. Normally it would be expected that thes.e cut-off points would 
be .set respectively by studying the Product time Requirements from Pro-
duction time (0 years) to.Fundamental Res~arch time (10 years). 
The most likely scope for a company just embarking on a 
formal R and D program would cover the period from 0 to 7 years prior 
to production. Note that this just touches the search areas and would be 
limited to furthering the knowledge in its own related technological areas 
but omitting the highly theoretical research. The latter would come from 
academic or larger corporations 1 Research activities. It would~ however, 
span the entire range of its own Rand D needs from applying the knowl-
edge through to the -final product development. 
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This objective will not be realized all at once but should serve 
as a guide to the ultimate program desired by management. In the build-
ing process, however, one fundamental fact should be kept in focus. The 
ultimate objective of the R and D effort is to reach production~zero time. 
Unless it is possible for a project to move to each succeeding step in the 
table outline, the entire effort is wasted. It will stall at any point where 
a gap in the program exists. Thus unl~ss appropriate management action 
is taken at the outset of the R and D effort to ensure continuity, the entire 
program may be a total loss. 
D. ECONOMICS OF THE R & D PROGRAM 
If Management is to plan an effective program it must have some 
knowledge of the financial aspects involved including risks and returns to 
determine acceptable limits on the level of expenditures it is willing to 
approve.* It must also accept certain known limiting factors concerning 
measurement of these expenditures. Finally, it must determine what con-
trols it considers necessary to evaluate effectively the results of the 
program. 
* 27, pp. 102-104. 
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Defining the mechanics of accumulating and allocating costs is 
not a primary objective of this discus-Sion. As long as the techniques of 
measuring planned costs are consistent with actual charges the basic con-
trol purpose will be met. The financial officer does have the responsi-
bility of reporting as _completely as possible, the total costs of the ac-
. tivity and to this extent~ management should resist a rather common 
tendency to camouflage the true costs .of an Rand D department. The 
usual omissions are made through improper allocation of general and 
administrative costs or charging of indirect supporting labor to other 
disassociated accounts (e. g., secretaries, file clerks, etc.). All plan-
ning and actual costing should be expressed on a time total basis rather 
than some ill conceived attempt to keep apparent Rand D costs unreal-
istically low. 
1. Program Continuity 
Research and Development thrives best in an atmosphere of 
reasonable continuity. A program cannot be started and stopped indis-
criminately without suffering deep damage to its over-all effectiveness. 
Therefore> orice management has agreed to a given level of financial 
support to the operation .. every effort must be exerted to maintain that 
level with minimal fluctuations. This holds true for expansion as well 
as contraction. It is far wiser in the long run to support a lower level 
that can continue uninterrupted through all but a major financial crisis 
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than it is to gear expenditures to gross volume or earnings. The fact is 
that R and D expanse is approximately proportional to the number of per-
sonnel engaged in the activity and it takes considerable time to build a 
smooth functioning team to its maximum effectiveness. Violent disturb-
ances in the make-up of that team can only serve to prevent this build-up 
and keep the program constantly off balance. 
The actual size of the R and D budget cannot be determined 
categorically. Numerous studies have been conducted to survey R and D 
costs and the result has been a great mass of data on how much is spent 
but no answers to the question of how much should be spent. The statis-
tics on R and D expenditures~ usually expressed as a percent of sales, 
vary widely from industry to industry and there are equally wide varia-
tions between companies in the same industry. Therefore, averages are 
not necessarily the right answer for any particular company. In the final 
analysis, each management team must evaluate its ability to supply the 
necessary finances versus its needs for later return on the effort.* 
Table I does present average R and D expenditures of company 
owned funds by industry and by company size which might be used as a 
rough yardstick to pick an order of magnitude. Table II reports total R 
and D costs including funds from outside sources, primarily the U. S. 
* 42, pp. 96-98. 
TABLE I 
COMPANY SPENDING FOR RESEARCH AND DEVELOPMENT 
AS PERCENT OF SALES BY INDUSTRY AND COMPANY SIZE 
1953 
Total Employment 
5J 000 
Industry 50-499 500-999 1J 000 -4J 999 or more 
ALL INDUSTRIES :0:< ..,, 0.9 0. 9 .... 
-- -- -- --
Food and kindred products ..,_ . 1 .3 .2 ...-
Chemicals & allied products 2. 2 2. 2 1.8 2.9 
Petroleum products and 
extraction ..,_ * . 9 .6 -·-
Rubber products ..,_ ..,_ • 7 ..,_ ...- ,,. ...-
Primary metal industries ..,, * . 5 .4 ...-
Fabricated metal products 
and ordnance :0:< 1.6 . 7 .4 
Machinery 1.2 1.1 1.4 1.8 
Electrical equipment 3. 0 1.4 1.8 2. 8 
Aircraft and parts ..,_ ..,_ 2. 9 1.2 ...- .... 
Professional and scientific 
instruments 2. 7 4.4 1.7 3.0 
Other manufacturing industries ..,_ ..,_ . 5 .7 .... ...-
Nonmanufacturing industries * * . 2 . 3 
*Not available. 
Source: N. S. F. Survey 1953-54. 
TABLE II 
RESEARCH AND DEVELOPMENT COST AS 'PERCENT OF SALES 
BY INDUSTRY AND COMPANY SIZE 
1953 
Total Employment 
5, 000 
Industry 50-499 500-999 1, 000-4, 999 or more 
ALL INDUSTRIES "- >!< 1.5 1.9 ..... 
Food and kindred products ,,_ • 1 . 3 .2 ... , 
Chemicals and allied products 1.7 2. 1 1.7 2.8 
Petroleum products and 
extraction 
* * 
• 8 • 7 
Rubber products 
* 
"-
. 9 "-.,, .,, 
Primary metal industries "-
* 
. 4 .3 ..... 
Fabricated metal products 
and ordnance "- 1.6 1.9 .8 ..... 
Machinery 1..2 1,5 1.7 2. 2 
Electrical equipment 7. 2 4. 1 4. 8 6, 6 
Aircrait and parts 
* * 
7. 5 9. 1 
Professional and scientific 
instruments 4.1 6,6 3. 1 5. 3 
Other manufacturing industries 
* * 
. 7 . 7 
Nonmanufacturing industries 
* * 
• 5 • 5 
* Not available. 
Source: N. S. F. Survey 1953-54. 
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Government .. Caution is urged3 however~ to explore the company's .own 
individu.al requirements thoroughly before setting the final dollar budget 
* level. That level should be one that can be sustained comfortably 
through both good and poor operating profit levels .. Frequently an Rand 
D program is most needed when the profit picture is unfavorable in order 
to provide the needed impuls:e to company recoverY:· It would be unfortu-
nate indeed to find that an R and D budget cut had to be made becaus.e of 
operating losses just prior to the culmination of a project that could bring 
operations back to a profitable basis. Equally important is the care which 
should be taken to avoid expansion at an undesirable rate when operations 
are exceptionally profitable unless the management is prepared to support 
the new higher level under possible adverse conditions in the future. 
2. Sources of Funds 
The costs of carrying on a ReS-earch and Development program 
are usually charged against current income. This is in keeping with good 
accounting practice and it is allowable under Federal and most State tax 
statutes. Thus, even though a pro gram has many long-term characteris-
tics, it is .constantly .viewed in the financial reports as a current rather 
than a deferred expense. It does on occasion.happen" howevers that dur-
ing the course of an R and D project .. equipment is purchased or constructed 
* 5 
35 
that qualifies as a capital asset under general accounting practice. This 
is particularly true of the more standard items of equipment having many 
uses throughout the company. 
It is left to the financial authority to determine .the answer to 
such .questions but for the management control purposes it is recommended 
that all costs incurred in the course of an R and D program be treated as 
current charges against the current budget. Appropriate bookkeeping ad-
justments may be made elsewhere to balance this out. Management needs 
to know the total flow of funds out of the treasury if it is to accurately 
judge the effectiveness of its program. This technique also avoids the 
temptation to use bookkeeping peculiarities to mask large outlays of funds. 
3. The Pay-Back 
Measuring the return on Research and Development is probably 
the most difficult and at best arbitrary method of justifying its existence. 
Yet it is a necessary procedure for management, just as important as 
measuring ~he return on investment in production tools or plant. How-
ever management must use extreme caution in the weight that it gives to 
this measure of use of company funds for several reasons. First, the 
results of an Rand D program are infinitely more difficult to measure 
in finite terms ahead of time than. say.., the results of a labor saving de-
vice which will immediately replace two workers. The time element 
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must be taken into account for no return can be expected until after the 
R and D program has prodqced a s,aleable product. Also, the profits 
from the sales of the new product certainly cannot be attributed entirely 
to R and D for there has been an increased investment required in plant, 
inventory, tools, accounts receivable and so on. Finally, comparisons 
may be to no avail at all for in many cases Rand D may be the means to 
survival of the company altogether .. What value does management place 
on that? 
It is far more realistic for management, without the financial 
crutches of pay back or return on investment to view the over-all picture 
objectively and determine from experience that the Research and Develop-
ment effort has more than justified itself. The most logical comparison 
, is to imagine what the company's situation would have been or if looking 
ahead, what it will be without the results of R and D. 
4. The Write -Off 
For many reasons, not every phase of a Research and Develop-
ment program will be lOOo/o successful. The reasons for this may be 
technical, economic, competitive, obsolesqence and the like. It might 
prove helpful to review a few situations so that management will be ac-
quainted with them and not expect a full return on every Rand D dollar 
expended,. 
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Each project in an R and D program moves through various 
phases of development as was discussed earlier. During this progress 
more and more knowledge is being gained about the particular end product. 
At different points.along the development path it is possible that the sCien-
tist or engineer will discover some previously unknown fact. This. addi-
tional information together with existing data may lead the scientist to 
conclude one of several things, any of which could result in a decision to. 
terminate further development work. 
One of the most common causes of such project termination is 
the technical considerations. It may develop that further work is imprac-
tical becaus.e a solution to a problem is impossible either at that time be-
cause insufficient basic knowledge in the field or at any time in the future 
for scientific reasons. Economic considerations are equally valid and 
frequent reasons for abandoning a line of investigation .. Costs either of 
the further development or of production of the product itself may be en-
tirely too ·high relative to expected sal<:s price or in the light of existing 
established products. Similarly, it is.a distin.ct possibility that the com-
petition may have jumped the field and successfully marketed the results 
" 
of its own R and D program with such success as to preclude the entry of 
an identical or similar product at a later date. It is often better to aban-
don such a project rather than risk serious losses in a losing ·competitive 
struggle. . Closely akin to competition is the ever present risk of 
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obsolescence. A company's own R and D program may produce a project 
which has a satisfactory chance of success that will make other related 
projects obsolete. It is better to abandon these many times even though 
the outmoded project may be ahead of the newest development time-wise. 
A strong recommendation must be made here to management 
that it can expect a certain portion of its Research and Development pro-
gram to be unproductive. Yet this should never be considered a total loss 
for the experience gained and the new knowledge will ultimately strengthen 
the over-all program and increase the likelihood of future successes. 
While it will appear on the books as an expenditure without direct measur-
able returns, the over-all benefits will be apparent in retrospect. 
Immediate write-off of basic expenses for continuing funda-
mental research and over:--all program administration should be considered 
without any expectation of relating these costs equitably or accurately to 
specific subsequent projects. Similarly, projects which are found to be 
unlikely candidates for success should be terminated as soon as the fact 
becomes apparent. Not to do so would tie up valuable effort which could 
be utilized more effectively elsewhere and increase unnecessarily the 
expense that is finally written off. 
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E. TERMINATING THE R & D PROGRAM 
Prior to the final decision to engage in a Research and De-
velopment program management should consider what the possible im-
pact would be of terminating the effort at some future date. The alert 
management will be continually checking progress and results during the 
course of the activity and it is logical to expect that the possibility of 
terminating will occur. This will he true not only if it fails to serve the 
company's needs but also in the event of serious financial trouble or 
change of management policy or personnel. 
Primary emphasis should be focused on the fact that Research 
and Development is positively in the category of long-term planning. 
Thus, if the thought is to place an initial six months or one year limit 
on proving itself, management is not likely to be convinced any more at 
the end of the period than it is_, by implication, . at the outset. Such a plan 
would only result in undue expense with no likelihood of obtaining a return 
on the effort. On the other hand_, the positive thinking connected with the 
decision to inaugurate the program on .a sustained long-term basis will 
go far toward creating the proper atmosphere for development of a pro-
ductive Rand D effort. With the proper backing from top management, 
it is difficult to visualize anything else. 
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In the event, however, that no other alternative exists except 
to consider termination of an existing Research and Development effort, 
it must take into account several points. As might be expected, many of 
these relate directly back to the considerations covered at the initiation 
of the program which have been discussed earlier. In addition there are 
the problems of personnel relocation or severance, with the latter the 
more logical expectation. Disposition of the technical knowledge becomes 
a consideration.. Unfinished it is of little value, but with additional effort, 
it may prove extremely profitable in the long run. Finally,; the impact on 
company and industry including the competition must be weighed. Termi-
nation of such a vital activity which is thoroughly integrated into the or-
ganization can easily result in lowered morale and competitors' enthusi-
asm over symptoms that all is apparently not well within the company. 
Management must do a great deal of soul searching as well as 
using sound business judgment to decide such a drastic step. Let it suf-
fice to say that at the outset of a Research and Development program, 
management should be prepared to support it well into the foreseeable 
future. Otherwise it is better to defer inauguration. 
ITI. ORGANIZATION OF RESEARCH AND DEVELOPMENT 
At this po:int, the decision to initiate a formal Research and 
Development program has been reached and management now faces the 
pro"J?lems of developing an effectiv~ R & D department and integrating 
it into the over-all organization.,* The basic steps outl:ined below have 
been arranged :in a def:inite sequence for a particular purpose. The 
place of the activity in the ove;r-aii organization mu.st be def:ined :in 
advance :in order to create the proper environment into which :i± even-
tually must endeavor to attract a competent director and staff, Unless 
top management is prepared to commit itself, the personnel will be 
hesitant to tread on uncerta:in ground, :earticularly in a newly created 
operation. Key personnel are in constant demand and only the most 
attractive opportunities are likely to interest the calibre of men that 
the company should seek .. 
41 
Therefore it behooves management to develop a strong 
policy to cover the operation of R & D at the beginning., Without ade-
quate attention to this phase, serious difficulties are certain to develop 
early in the initial phases. 
* 9 .. 
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A. STAFF VERSUS LINE ORGANIZATION 
The two most frequently used organizational structures are 
illustrated in Figures Ill-A and ill-B.. The staff arrangement in Fig-
ure lli-A offers more flexibility in working relationships than the line 
organization of Figure Ill-B.. However, particular situations inside 
the company may offset the advantages of the former and thus both 
alternatives should be considered. The chief disadvantage of the line 
organization lies in the fact that the Production Executive is normally 
charged with the suc.cess of current operations and his attention is 
quite naturally focused. most sharply on the present .. On the other 
hand, Research and Development is concerned with the future and, as 
such, requires far sighted management direction which is more usu-
ally available at the top echelons. Similarly, Production is quite likely 
to be plagued with a multitude of operational problems requiring tech-
nical solutions. As a result, the temptation to divert R & D effort to 
Production Engineering is greatest in the company where R & D is an 
integral part of the Production function. 
As in any organizational arrangement, status is an impor-
tant factor to the R & D Director and the closer the Department is to 
the top management, the more likely it is to receive proper attention 
and respect -from all sections of the organization. Irrdividual person-
alities and company policy will be the final deciding factor. However, 
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the tendency is to placeR & D immediately adjacent to the top exec-
utive in the staff organization as shown in Figure ID-A .. 
1. Relationship To Top Management 
From the outset, a strong two way direct relationship be-
tween R & D and top management is essential, When appropriate. 
the head of the R & D activity should participate in executive meet-
ings, assist in formulating related policies and assume active in-
terest in the over-all company operations.. While the responsibility 
for t.he conduct of the R & D program rests with him, the burden of 
providing positive and enthusiastic support to him rests with the 
chief executive. Without such backing, the R & D program will be 
in constant jeopardy and the company will risk substantial financial 
reverses. Even though annual rates of expenditure may be relatively 
modest, the basic long term characteristics of an active R & D pro-
gram give strong indications of the fiscal risks involved, 
As an operation which will exert strong :influences over 
the future of the company in the products to be produced, the goods 
to be sold, and the above mentioned financial aspects of these opera-
tions, it is only logical that top management establish itself in a 
position to coordinate, control and direct the operation as required. 
While this may appear to require a strong mandate for an Wltested 
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activity, the absence of such support would be foolhardy. Once the 
direction is established, then adequate management controls may be 
brought along to assure proper operations. 
It might appear to be unnecessary to point out at this 
juncture that free re:i.ri within the established policies described 
above must be afforded to the R & D director. Undue interference 
in the conduct of the program would not only hamper the R & D ac-
tivity, but would be a violation of sound management practices. Yet, 
attempts to direct the day to day activities of a project by top man-
agement have frustrated more than one R & D director to the point 
of incapacity. Such top management activity is un,warranted. 
2. Relationship To Sales 
While the absence of direct line relationships is indicated 
on the organization chart, the value of personal relationships between 
these two functions is immeasurable. In fact, it is mandatory that 
close working arrangements be developed with frequent free inter-
changes of ideas, suggestions and recommendations. The knowledge, 
experience and intuition within the sales department is a valuable 
source for the R & D program of new product demands, competition 
pressures, market research information, consumer reactions and 
the like. In fact, it is not uncommon for the germs of ideas for en-
tirely new products to originate in the field sales operations. They 
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can also supply the necessary data on acceptable selling price, methods 
of distribution and compatability with existing product marketing as 
well as a whole host of related supporting activities. 
Bear·$! mind also that it is to the sales groupl s advantage 
to do so since it must keep abreast of new trends in products coming 
to them in the future which they must be prepared to market~ This 
preparation cannot be done without adequate advance notice to train 
salesmen, develop outlets and shift marketing and advertising methods 
to slip smoothly into a new productt s distribution. Finally, it is to 
the companyt s advantage that this liaison exist for~ on the negative 
side as well as the positive side of the operation, sales often can pre-
dict lack of success before too much time and money have been in-
vested in a los:ing venture which might appear technically sound., 
Thus, the value of close liaison between R & D and. sales 
cannot be underestimated and every effort should be made toward es-
tablishing an early and lasting tie between these two major company 
functions. 
3. Relationship To Production 
Assuming that the staff organization exists, R & D rela-
tionships with Production must be encouraged at an early date., De-
velopment of this liaison will enhance the success of the program in 
many respects., Perhaps the most important of these is the value of 
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exchanging the experience and knowledge built up by the Production 
PersonneL Much of their skill depends on information not available 
in catalogues, manuals or hand books, but rests in the minds of those 
men most thoroughly acquainted with the pecularities known collec-
tively as practical experience. Given the opportunity, they can judge 
the adaptability of new products to existing facilities and available 
skills~ Often, techniques and short cuts in production methods can 
be of great help in determining the economics of mass production. 
Minor modifications can spell the difference between profit and loss 
if introduced early in the development stages. Similarly a strong 
personal alliance will develop if all parties concerned have had the 
opportunity to make contributions to the final product~ 
Unless the R & D department is exceptionally fortunate, 
Production will be their sole source of machine tools> skilled man 
power and fabrication space, particularly during the critical develop-
mental stages when a new product is assuming its finished form. 
Thus> R & D will find itself dependent upon Production which must 
. find time within crowded production schedules to perform this vital 
service. In the long run Production will gain from such an arrange-
ment for it will have had the chance to experiment and develop skill 
and techniques that will stand them in good stead when the new product 
eventually is turned over to them for volume output. 
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Therefore, strong personal liaison is essential between 
R & D and Production at an early stage in the programl s development. 
4.. Relationship To Finance 
The impact of an active Research and Development program 
on the financial operations of the company is so great that to ignore 
development of strong working relationships between the two opera-
tions would be fooJJfardy indeed. Failure to do so could well spell 
the failure of the program,for availability of financial backing is es-
sential to its continuity~ Interruptions for appreciable lengths of time 
can only increase the ultimate cost, sacrifice competitive advantages, 
or in extreme circumstances, cause total failure of a project,. 
The financial planning is all important. The fiscal execu-
. tive must bekept informed of major exp·enditures particularly as a 
project moves into its developmentmental phases, where equipment, 
plant and supplies become increasingly large. Adequate capital mu.st 
be available on time to assure smooth movement of the project to its 
completion., Even as it ends, the financial problems are approaching 
the climax: since the initial production phases must be financed, in-
ventories built up, salesmen supported and accounts receivable planned 
before the return of sales revenue begins. 
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This may appear fundamental to the seasoned executive 
but lack of advance planning where stock or bond issues are needed, 
long term indebtedness must be arranged,or working capital is con-
verted to cash,can seriously disrupt the best laid plans of other seg-
ments of the company. 
Then, too, the R & D department, for its own survival, 
must have the support of the Financial people. The most effective 
curtailment of an R & D program can be had simply by closing off 
the source of funds upon which it is totally dependent. Similarly, 
the Finance executive, to fulfill his function effectively, has are-
sponsibility to maintain close liaison with R & D in order to keep 
abreast of new developments, advise on capital availability, prepare 
pro-forma income statements for new products under development 
and render reports to top management on the activities. To accom-
plish these objectives both parties will find it advantageous to main-
tain close working relations at all times. 
5,. Relationship To Plant Engineering 
While it might appear at first glance that relationships 
between R & D and Plant Engineering would be primarily technical 
due to the similarity of their respective operations, it soon develops 
that the chief advantages to be gained from a close liaison are chiefly 
economic. Due to its broad experience in working with production 
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requirements, adaptability of existing facilities and equipment and 
design of new plant, the departmen.t is in a position to offer construc-
tive assistance in determining costs, time requirements, feasibility 
of alternate plans and a host of related information. The technical 
training of the personnel will be invaluable to understanding the de-
velopmental problems involved in any new venture;they should be 
ready to make recommendations in keeping with the over-all design 
where modifications would provide an economic advantage in produc-
tionu 
Interchange of personnel between the two functions may 
prove beneficial in the long run for exchanging points of view as well 
as being a practical broadening experience.. However, caution should 
be exercised in initiating such a program, particularly when the R & D 
function is relatively new" Professional jealousy may enter into such 
a move if the staffs are not well known to each other and have not had 
the opportunity to develop a mutual respectu Similarly the type of 
talents may not be suitable and an ill-considered transfer might be 
extremely discouraging to the man involved., Finally the interruptions, 
loss of experience to the old group and breaking-in time in the new 
group may prove more costly than the value of the training to be re-
ceived., This caution should not extend to the other extreme however~ 
to the point where there is virtually no intermixing of the personnel 
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in their everyday work. The common technical background will pro-
vide an excellent point of departure for developing close working re-
lationships. This will be extremely advantageous .. 
6. Relationship To Industrial Engineering 
The broad scope of Industrial Engineering including Pro-
duction Engineering and Methods Engineering, which are of primary 
importance to the R & D program, make it almost mandatory that 
close working relationships be established. Again, as in the case of 
Plant Engineering, the :initial benefits are economic rather than tech-
nical. The same caution should be used in approaching an :interchange 
of personnel but the knowledge and aid available from this department 
are too great to be overlooked. 
Closest liaison will undoubtedly occur as a project approaches 
the end of its developmental stage and serious study is being given to 
economics of production, techniques and skills required, flow of work, 
etc. Even before the new product is ready to be turned over to Produc-
tion for quantity output, mutual study and discussion of problems likely 
to be encountered in the future will lead to early solutions and incor-
poration into the final design of the prototype at a fraction of the cost 
of trial and error later on. Likewise the introduction of the Industrial 
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Engineer to the new product will give an opportunity to study and plan 
his program in parallel with the R & D efforts thus shorten:ing the vital 
time interval between completion of Development and initial quantity 
production .. 
· The need for a close working liaison between Research and 
Development and Industrial Engineering shows opportunity for advan-
tages to both groups and of course the company as a whole. 
7. Relationships Outside The Company 
The very fact that the company has established a formal Re-
search and Development program will be of immediate interest to many 
persons outside the company.. It will behoove the company and the R & D 
department head to establish this fact quite widely and as rapidly as pos-
sible in order to capitalize on the advantages presented by the move. 
Wherever possible first hand contact with the man responsible for the 
effort will be of most value# However written literature will serve al-
most as well to heighten the stature of the company and its management .. 
The most important group of those outside the company of 
course are those with direct financial :interests, the stockholders, bond-
holders and banking people .. * They want and deserve to know about such 
a forward look:ing innovation# It will encourage them to look to the future 
* 22, pp .. 2517-18~ 
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and give them confidence in the continuing or increasing success of 
. the company. Thus formal announcements, probably in the annual 
report, are definitely in order, followed by regular progress reports 
of the effectiveness of the undertaking. 
A similar group of persons outside the company will be 
equally interested in the news and accomplishments of an R & D effort. 
These are the potential investors, those who carefully scrutinize every 
phase of a company1 s operation. Investors looking for growth stock in 
their portfolios consider R & D a ·major indicator of the likelihood of a 
company growing in the years to come and they purchase stocks ac-
cordingly .. 
Likewise keen interest will be shown in the new venture by 
competitors who must keep abreast of all new developments in their 
area of operations.. The relationships outside the company must be 
conducted with due care for safeguarding the nature of specific proj-
ects to protect the company1 s interests and safeguard any competitive 
advantages it may hold. Conversely, the company will want to keep 
informed on its competitors 1 moves in new product developments .. 
Thus, advantages as well as disadvantages exist in this area of out-
side communication, 
Finally, the technical liaison outside the confines of the 
company must be developed if the R & D program is to benefit at the 
\ 
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earliest possible stage from new discoveries in the basic research 
continuously in progress at the universities and similar programs 
in the industry, Professional Society participation is extremely 
helpful in keeping abreast of new techniques, materials and similar 
scientific advancements~ True, the technical literature available 
abounds with such new knowledge but this source must be supplemented 
with personal contacts in the fielda 
In the area of relationships outside the company, top man-
agement and the R & D department must share and complement each 
other in the efforts in this direction: The burden of actually imple-
menting and more important continuing such relationships will un-
doubtedly rest upon the technical people concerned~ 
B. THE DIRECTOR OF R & D 
At this point it is possible to begin forming some impres-
sion of the head of a companyls Research and Development effort, 
As is indicated by much of the preceding discussion, he must be an 
extremely versatile and unusually talented individual.. While indivi-
dual companies will differ greatly in the initial policy declarations 
and consequently the type of person needed at the outset will var:y, 
it is obvious that the person selected must have the capacity to be-
come a rather unique combination of scientist, administrator, 
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and salesman. Quite often this is not as imple to accomplish as it 
may sound for the qualities at times appe r to be in direct opposition 
to each other. J 
Above all else, the head of R D must be a person who is a 
source of inspiration to those working fo] him. Recall that this deals 
with basically the production of new ideaj which is solely dependent on 
the mind of man to produce them. It is nlt possible to supervise a proj-
ect team in the accepted business sense, -~~ut rather the leader must pro-
vide the spark, the incentive and instill t[e desire to do so. Creativity 
comes from within and cannot be forced Jy a second party. It must be 
enticed. 
It follows logically then that the Director of R & D must be a 
unique member of the management team. As such he deserves and will 
expect that his position in the manageme t structure will be commensu-
rate with his ability and responsibility. Unusual care must be exercised 
and be given his management role,. Nat rally, there is a dual responsi-
bility indicated since he, too, must brinl great concentration of effort 
to bear on the assignment handed to him 
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1. Selection 
During this critical period, the ultimate success or failure 
of the Research and Development program will be dependent on how 
effectively the company carries out the process of selecting the one 
individual to head the effort. A team of the best technical talent avail-
able will fall into the category of mediocrity if a weak hand is at the 
helm. On the other hand, an apparently ineffective group can develop 
an outstanding record with the right man at the head. Therefore, every 
available aid should be used in the process of selection of the R & D 
Director. 
Unless one man already in the company or personally known 
to the management is so obviously suited for the position that no ques-
tion exists, it is advisable to consider several candidates in order to 
form some bases for comparisons. In addition to the usual personnel 
office recruiting activities, it is highly desirable to enlist the aid of 
outside sources. Since the candidates obviously must be technically 
trained academically, college alumni placement bureaus can be ex-
tremely helpful in suggesting names to be contacted. Equally valuable 
are the recommendations of faculty members of university departments 
which tend to keep in personal touch with their more outstanding alumni. 
This is particularly true in the case of scientists and engineers. In any 
' 
., 
event, do notoverlook these academ:Lc<sources for the valuable refer-
enceswhich willbe sought later when the final selection is imminent. 
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. In recent years) the services of professional recruiting 
agencies have become more and more lseful and effective in recruit-
/ 
ing men with specialized experience. This type of agency will do more I . 
than the old-fashioned employment ageicy which simply brought job-
seeker and employer together. Some of them specialize in only a few 
areas, and if circumstances seem app opriate, it would be well to in-
vestigate and consider the service that they can perform. Because of 
their contacts and experience in their specialty, they can narrow down 
the selection to a few candidates, esseltially performing the search 
and preliminary screening. The final/ ecision, of course, rests 
with the employer. 
Once the recruiting process has reached the point of per-
sonal contacts, it is most important th~t the matter be given the high-
est priority among the top managemenf· The period of interviews, 
references, conferences, comparisons and final selection must be 
accomplished in as short a period of t·me as is possible. Remember 
that one man is being sought who is un sually gifted and the number of 
suitable candidates falls far short of tfe number of positions seeking 
such a man. Thus procrastination rna easily result in losing the very 
man most qualified to another employ r A 
The interviewing process it/ elf must be skillfully and care-
fully planned. The candidates will be viewing with mixed feelings the 
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situation that they are exploring. On t e one hand will be the reluc-
tances naturally encountered in consid ring any position that is newly 
created and untested to the company. t the same timeJ the attractive-
ness of a new opportunity that will chal enge the limits of their capa-
bilities will be most intriguing. The proper presentation will be 
needed to minimize the former and to 1mphasize the latter, together 
with' assurances that the new post has rl management backing. 
The final selection and accewtance by the successful candi-
date will be an important milestone to lll concerned. If the task has 
been well done, the balance of the pro+ems will be infinitely smaller 
and less difficult to overcome. 
2. Responsibility) Authority And Accountability 
One of the most difficulHasfs that can be handed to any new 
member of the management team who r filling a new post for the first 
time is the time-worn instruction to 11aarve a niche for yourself. 11 Its 
I 
primary implication is that strong opprsition, as characterized by the 
stone wall simileJ may be expected fr<Dm every direction. This is 
definitely not the most favorable atmo~phere into which to introduce 
the new R & D Director. It indicates hat the management is either 
not willing to commit itself on a polic and procedure statement or J 
and just as dangerousJ it has not take the effort to do so. Either 
wayJ the conclusion must be the same the program is not important 
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enough to the company to merit the att ntion to the relatively meticu-
lous detail necessary to formulate a ·atement of the responsibility of 
the Research & Development departm nt1 s headA 
What better way is availabJ to demonstrate an attitude of 
positive support than to issue a clear ltatement of the responsibilities 
of the new post, the authority vested~ the Director to carry out this 
r~sponsibility and the procedure of acrountability? This provides in 
a ltSa:ble.,;fo,rm the statement of management 1 s intentions of how the 
program will be set up, how it will fu ction, the interrelationships 
between departments and, most impo tant, the place of the R & D 
Director in the management team~ If such a statement has been pre-
:;::n:g:::~e~::::::e:y w:h c::ct::::::u::: ~:a:e:bt::s 
operations by the time of arrival of t~e new executive, the most diffi-
cult part of the task of establishing thr new function will be',in the past, 
Such a statement need not ,e lengthy, specific, or complex. 
In fact brevity is to be preferred for to position which encompasses 
the broad scope necessary in R &1 D c n be described in concrete terms., 
. 'I 
However, it should define the basic urderstanding of the scope of Re-
search and Development and contain some policy statement of the limi-
tations placed on the activities of the Director. The executive to whom 
he will be acqountable for all of his activities should be clearly stated 
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followed by a brief summary of the rettionships expected with the 
other executives and outside the comp~ny. If management chooses, 
it should also include the degree to wJich his authority may be dele-
gated to his subordinates by him, rna ing it clear, however, that such 
delegation does not relieve him of the primary responsibility or any 
of the related accountability placed wrh him. 
Even if the formal statemeft is ready when the executive 
comes into the post, he will still havd the problem of implementing 
I 
the assignment. Thus, it is entirely lin his hands to develop the per-
sonal relationships which he must deiend on to discharge his re-
sponsibility. The procedure will simply make it that much easier 
for him to get directly to the task at rand without needless time-con-
suming and sometimes damaging effo/rt spent discovering for himself 
The Director of Research and Development, like any other 
member of management, will be sub ·ect to constant and thorough 
evaluation by his associates as well ~s his superiors. The proc-
ess will h~ve beguneven befor~ he 1ctually arrives to take. over his 
post,for h1s reputatwn and the 1mpresswns he created durmg the 
selection process will precede him. Initi?-lly, however, most of the 
60 
evaluation will be on the basis of person;ality characteristics and ac-
compliShments elsewhere. It will be mry months before his record 
with the company can be viewed with ant degree of accuracy sufficient 
to judge his success or lack of success ~ith the R & D program .. 
Yet from the very day of his ~rrival, his actions, personal-
ity and the impressions he creates as ht moves on to one task after 
another will begin to mold the opinions rf those associated with him in 
a virtually irreversible process.. The manner in which he conducts 
himself in meetings, the enthusiasm he exhibits when planning and sell-
ing the new program, the business judrent he uses in evaluating ideas 
presented by his associates, the warm of his personal relationships 
both inside and outside the company. a* of these and many other facets 
of the whole man will gradually form t e evaluation of his inaugural 
efforts .. 
While the total evaluation of he R & D program as a whole 
and its Director in particular may not ' e complete for several months, 
arrives.. .Therefore..,. the usual mana ,ement alertness to such develop-
ments should begin at the same time.. Valuable clues to the manl s 
makeup which might go unnoticed later on will undoubtedly be in evi-
dence. 
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When the subject of evaluatio1 does enter upon the scene, 
management must keep in mind that Re s/earch and Development is not 
measurable in common terms to which~~ is accustomed. There are 
no standard units which can be measurer· no standard costs subject 
to accounting determ~ations. no goals fhich can be· set down and then 
achieved. The process of R & D is conJerned with too many intangibles 
to be predictable. This evaluation is m~re suited to the process of 
comparison with previously defined goals that were agreeable to all 
I 
concerned. This will be developed further in the sections to followo 
Similarly) comparisons with other proJrams outside the company in 
the area or in the industry can prove to be useful as guides in the over-
all process of evaluating the success of the program. Bear in mind the 
degree of success (or lack of it) is not ~ntirely attributable to the Di-
rector. Top management plays an imptrtant part in this through the 
degree of interest and support it displays at every juncture. In the 
final analysis, they are the ones that 4ust be satisfied. Thus the as-
pect of accountability becomes doubly lvolved and of paramount im-
portanceo I 
4.. Compensation 
An entire thesis could be de eloped and would be needed to 
cover adequately the subject of the R D Directorl s compensation. 
Many surveys have been conducted and much useful information is 
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available on current practices. The p/inciples involved do not differ 
widely between this executive and any dther member of the manage-
ment group. However, one notable diftrence does deserve mention 
here. That is the apparent degree of iLportance that the technical 
I 
profession places on the salary leveL, I Surveys conducted to deter-
mine what satisfies the technical man L his employment indicate 
that income ranks several steps below the top. More important 
motivations are described variously as status in the organization, 
o~portunities for professional ~evelopi/ e.nt, freedom fr~m rigid poli-
Cles and procedures, opportun1ty for d1v1dual expresswn as well 
as other intangibles too elusive to incllde here. It is entirely true 
that in recent years the technical man lhas enjoyed a rapid rise in 
the salary paid to him due to the scar /ity of qualified professionals. 
This may have reduced the importanc of salary to him since it is 
well known that he can command an at ractive income for his serv-
ices on the open personnel market, Jowever, it is safe to assume 
that the R & D Director will follow th~ general pattern of others in 
his profession by viewing other satisflctions in his work ahead of 
the level of compensation~ 
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5s Professional Development 
Out of the list of intangibles entioned above as being im-
portant to the technical man. the subject of professional development 
of the R & D Director deserves further/ discussion since it is of vital 
importance to the company as well. Tlis becomes more apparent 
when one realizes that science and tectology are expanding and de-
veloping at a rate never before achieved. Thus if the company is to 
receive the full benefits of this dynam l progress as evidenced by its 
act of maintaining an R & D program. it must look to its R & D Direc-
tor to keep abreast of the rapid changes, new techniques and new 
knowledge as they occur. In fact it m st encourage this development 
by positive means to assure the Dire,or that one of his tasks is to 
keep well-informed on every technological front that is of interest to 
the company operations. 
This will be done largely through personal membership in 
I 
various professional societies by the Director and his staff. Much 
will be learned from the technical pa+rs and periodicals but this 
must be supplemented by personal co:q.tacts in the field •. Regular 
meetings of the professional societie, offer excellent opportunities 
to discuss technical problems and remew first-hand the most recent 
developments. Similarly. contacts a: various academic posts give 
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valuable insight into what is on the horiz/ons in the fields of fundamen-
tal research. Special symposia directeJ toward specific subjects 
round out the sources available to the R & D Director. 
ment who 
All of these activities should re encouraged by top manage-
can rest assured in the knowledge that only through such 
professional development will its R & D program and, ultimately, the 
company benefit from the evolution of te/chnology. 
C. ESTABLISHING THE R & D DEPARkMENT 
The initial steps involved in 1stablishing a Research and 
Development department can be outlined and discussed relatively 
easily.. The more complex aspects however of creating a smoothly 
functioning operating unit are infinitely more difficult and will take 
much longer to accomplish. The .more direct actions must be 
completed as quickly as possible to per it the R & D program to be-
gin. 
As will be the case in all matters pertaining to the R & D 
department, the responsibility for initiating positive action lies di-
rectly with the Director. However, ac ive interest and support by 
top management will greatly simplify h·s tasks. Particularly desir-
able would be a general outline of the range of activities and scope of 
the pro gram that the management expects to sustain. In the final 
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analysis the order of magnitude budget allocated is the most meaning-
ful data to determine the scope4 Conv rsion of the dollar budget into 
the number of technical personnel that it can comfortably support will 
immediately allow the director to plan on the size of staff and particu-
lar talents needed.. Facilities and equ pment needs will become ap-
parent in like fashion. From that po ·l on it is up to the Director to 
fill these needs., 
1.. Staffing 
By far the most important ~art of any R & D effort is its 
people.. An effective program is never carried out by a group of 
highly qualified individuals working aJ single units3 but like any other 
phase of the companyl s operations, it is the result of the group work-
... 
ing as a team, complementing and suwporting each other.,..,. This will 
I 
never be more necessary than in R & D,.for the individuals must de-
pend on each other not only to perforr work but to create ideas which 
are practical and yet novel.. Often thr key to a problem l s solution lies 
in the ability of someone to look at it /from an entirely new side and 
bring a fresh point of view to bear oj it. Close proximity may tem-
porarily blind one person while an a sociate who is new to the project 
and has only viewed it from a distan e can enter the scene and~with 
apparent ease, establish criteria for a solution., 
* 41, pp .. 98-101., 
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In light of these conditions w ich will exist, it is of the ut-
most importance that an over-all look a the whole R & D program be 
taken to determine the various talents t at will be needed. Only after 
a soul searching appraisal by the Direc or of his entire operation can 
he define the individual personnel requ· ements. True, as actual in-
terviews and selections progress, indi idual differences in talent and 
experience will have to be taken into aclount and the composite picture 
altered to fit the realities. It is also li ely that he will have one or 
more present employees to consider in the initial staffing process. 
However, it would be unwise and, in the long run, detrimental to the 
programTs success if the needs were a /tificially altered to make a 
place for someone who didnTt otherwis meet the prerequisite qualifi-
cations. 
Just as technical competenc~ is important in selection of 
the individual staff member, so is perJonality make-up. Because 
they will be working very closely toget~er, it is impossible to. ignore 
the ability of each man to work as a mlmber of the group. Getting 
along with others may sound trite but i is an essential quality if the 
full potential of the R & D Department ·s to be realized. Thus close 
screening and complete references from the prior employer are indi-
cated in order to assess fully the indi iduaP s ability and personal 
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characteristics, The process of stafffg fully and completely in light 
of known end objectives may be difficult and relatively slow. However, 
the results in the end will more than j / stify the effort •. 
2.. Facilities And Equipment 
Simultaneous with the build p of a staff, the problems of 
space and working tools must be face • Usually the most important 
question is not how much but what kin·, This is true both of facili-
ties and equipment. Certain minimui requirements can be set down 
in light of known immediate objectives of the R & D effort.. Beyond 
that some longer term study and recoLmendations must be con-
. sidered., J 
On the matter of space, dtl! . consideration of basic layout, 
type (office, laboratory, shop);light, emperature and humidity con-
trol, ventilating hoods etc. must be iven to provide adequate work-
tant where proximity to existing fac · "ties in other departments may 
be sufficient in place of duplicating p ant and equipment (machine 
shop, instrument room, analyticall boratory). On the other hand, 
isolation may be equally important · noise, vibration. fumes and 
gases or similar situations merit sp cial consideration. 
Dangers lie at the extrem s of the considerations. On 
the one hand, some companies pres nt their R & D laboratory as a. 
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show place with primary regard for prlducing a favorable impres-
sion on visitors. The needs of the tecrnical phases of the operation 
are only secondary. As a resultJ the group is handicapped by lack 
I 
of functional facility as well as facing the interruptions caused by a 
continuous stream of visitors and onlobkers. At the other extreme 
is that company which maintains only jhe very minimum facility on 
the grounds that since this is an over,ead activity it deserves least 
priority on space considerations. Th~s is equally demoralizing 
since it reflects directly management1 s attitude of the relative un-
importance of the R & D effort. 
In between these two extremes lies a wide range of satis-
factory solutions to the space problejs. The technical man is gen-
erally quite reasonable in these resp,cts and given adequate attention 
with emphasis on functionality) the maximum available within rea-
son is quite satisfactory. 
On·the matter of equipmen J due care and deep thought 
should be given to this subjectJ in lig t of current needs and more 
importantJ longer term planning. rnltiallyJ the emphasis should be 
on generally useful equipment which t adaptable to a wide variety 
of tasks. The various projects whicJ become active will have vary-
ing degrees of potential. ThusJ it wluld be unwise to invest heavily 
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in specialized equipment for a specifi~ project when the chances of 
future need for a particular item are ~ather remote, Often the 
staff's :ingenuity will develop a satisfartory substitute through either 
adapting a standard piece of equipmenJt or making a substitute or 
model d~ the job, In generalJ a bencl/lathe would be a much wiser 
investment than would a sine-wave ge era tor in a new laboratory. 
R & D storerooms are usually filled fith new equipment bought 
hastily and then relegated to inactivity when the need quickly van-
ished. / 
3. Development Of Working Rettkmships 
The range of working rela~ionships necessary to the ef-
fective functioning of the R & D Depttment has already been covered 
in Section ID-A. Developing these relationships should occupy the 
attention the Director and his staff d~:ing the formative stages of 
the department. That is the time w en greatest interest in the new 
aqtivity will be apparent throughout he organization. In additionJ 
assuming that t0p management has xpressed suitable interest to· all 
concerned ontheJmatter of inter-dep, tmentalliaisonJ the early op-
erating period will find the other debartment hea21.s ready and eager 
to establish the level of cooperation in a favorable atmosphere. 
It wil~ be to the advantage of each person to move on this 
rapidly but it is most likely that the initial steps will be expected 
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of the R & D staff itself which is to be p eferred. Certainly they 
should not expect to he able to sit back JJaiting for others to approach 
them and offer their services. A positi /e move will break down any 
initial reluctances and pave the way for ~stablishing mutually advan-
tageous relationships. 
As is true in any inter- depar mental cooperationJ develop-
ing is one thing and maintaining is quite another. It is not enough to 
4. Top Management Support 
It is not d:ifficult to apprecia, e the need for continued sup-
port and active backing from the top mlnagement during this critical 
formative period. Creating the proper atmosphere into which the new 
staff will be injected is not as simple ai it may sound. The resistance 
to change is a well known human chara<l!teristic. It requires positive 
action to break down the reluctance to lccept this new operation. 
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:S:av:lng created this function, top majgement must follow through on 
its decision to ensure that the progral gets o~ the right course at the 
beginning with a minimum of delay an! confusion. 
IV. CONTROL TOOLS FOR OP MANAGEMENT 
A great deal of backgrounJ information and formative 
discussion has been presented in pre~aration for developing the 
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. I 
procedures to control Research and fevelopment. Without a basic 
understanding of the purposesJ functioning and inter- company 
effects of R & DJ management would be at a serious disadvantage 
when it reached the point of asking fdr controlsJ limits and related 
reports on the activities of the grou1. Secure in this knowledge of 
how R & Dis set upJ it can aggressirely pursue the more impor-
tant task of regulation and guidance 1n relation to the over-all cor-
porate objectives. otherwise it will/ si=ply go through the motions 
of control without understanding. Tiis could be worse than no con-
trol at all. I 
Turning now directly to t!e control procedure to be de-
velopedj it should be established th any control must be simpleJ 
I 
timelyJ understandable and completk. These four basic qualities 
of good management control will asJure that: 
FirstJ because it is simptJ it can be accomplished 
I 
with a minim= of expense and admristrative barriers. Being 
simpleJ it will be far more acceptal:lle to those who must make 
the procedure work and require the least possible time to carry 
out its requirements .. 
I 
Second, because it is timely,j the procedure will produce 
! 
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the needed information in time to take Jction on it, rather than simply 
receiving interesting historical data thlt is too old to be usefulo 
' Third, because it is understandable, those concerned with 
implementing and using the procedure 1ill be able to do so intelli-
gently with complete confidence in the Lormation presented and as-
1 
surance that the control is understood by all .. 
Fourth, because it is compl!pte, all of the necessary infor-
mation will be available at one point to assure prompt and accurate 
However, a procedure that simply sup· lies the answers to the two 
stated questions, even if the reporting is done immediately after 
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events occur, is only part of a good co trol system. The procedure 
both the technical and the fiscal aspects of the total operation. Thus 
I 
the need for two control mechanisms iF indicated, one technical 
and the other budgetary. / 
Breaking the problem down itill further, it becomes ex-
j 
pedient to divide the Research and Detlopment function into two 
logical subdivisions. In the discussio of the components of an R & D 
program it was shown that Research as concerned with investigation 
and exploratory activities to establish the specific products which 
would be subsequently developed. Es,entially it dealt with ideas and 
converting these to finite terms. Dev~lopment on the other hand was 
concerned with accomplishing a definlble. task on a known product, 
namely bringing the new product from a laboratory sample or model 
to a production item'" Even though thi two activities are usually 
treated together organizationally, the e is a sufficiently clear line 
of demarcation and equally clear diff+ences in oJ:>jectives of the two 
to separate them for control purposes. Therefore two areas of op-
/ 
eration controls are defined, one is rlesearch and the other is De-
velopment. 
I 
In order to see the relative scope of the R & D activities 
as a whole before dividing them up, · might be helpful to consider 
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I 
the following data. Industry as a wholi in the United States spends 
about 10% of its total R & D expenditJes on Research and there-
maining 90% on Development of the frtits of this research. On the 
other hand only 5% to 10% of the proje~t subjects considered in the 
- I 
Research phases ever reach the Develbpment stage. Those projects 
which complete the Developmental pro!cess are even a lesser percent 
of the original total.. Thus a small pebcent of the expenditures are 
used to vigorously screen the unfeas1le projects at an early date, 
as one might expect, so as to avoid u !necessary expenditures of 
funds on useless efforts... As a result even a relatively small total 
R & D budget carefully administered nd controlled can consider 
I 
and evaluate a wide range of potential developmental projects with 
nominal expenditures.. However, one~ a project gets well into the 
developmental stages, the company's /investment begins to climb 
r~M~. / 
A. RESEARCH ACTIVITIES j 
By way of review,a brief r. statement of the scope of Re-
search is in order at this point.. Restarch is concerned with the 
quest for scientific knowledge and co!/ version of it into practical 
product applications. The typical co. porate effort in this area will 
most likely be concentrated on the a1lication phases--Applied Re-
search, leaving the bulk of the searc. to the University Fundamental 
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Research program. Turning now to the · uestions that the management 
requires answers to, the controls required are divided into two phases, 
technical and financiaL Since the optim m of control requires action 
before the fact to determine what will be done as well as information 
after the fact to measure what has been, the program outlined below 
provides for prior approval on both the technical and the financial 
plans. 
1. Technical Phases 
Management would be side-stepping a major responsibility if 
it did not exercise control over the varJus projects which the Research 
program conducted. Corporate policies! and long term objectives must 
be considered at each step. The future operations of the company will 
depend to a large extent on the Researc · that is currently underway. 
The first opportunity to exercise a true management control is at the 
outset of each Research project. Each roposal for a subject to be 
studied by the Research program should!. be presented in written form 
to the top management for approval. Tlp management then has an op-
portunity to review each recommendatJn in light of over-all company 
objectives_ At the same time, it is re1sonable to assume that such a 
proposal will have been submitted only after a reasonable amount of 
consideration at the operating level ori inating it. Depending on the 
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merits in the proposal, management wluld then approve the project 
I 
for a preliminary study by Research .. /Periodic review of the project 
would determine the advisability of cotinuing for additional study. 
Termination of the project by manage,ent would occur at any point 
where the feasibility and practicality of t~e project dictated. 
Thus, management would rl~ain control of the technical 
phases of its Research program by re aining the authority to approve 
and terminate each project. Naturallt"t would rely heavily on its 
Director of R & D as well as other me bers of the management team 
for advice and recommendations. Th Evaluation Committee dis-
cussed below provides formally for t1s advisory frmction. 
a. Sources Of Project Ideals. It is nothing short of ama:z-
ing to review historical records to dJcover the source of an idea 
which later became a marketable itenL The source may range from 
the more natural spawning ground of he R & D department to progres-
sively less likely places as the Sales epartment, Production, Main-
tenance, customer or the janitor. L~ erally every conceivable facet 
:::: ::::~::: :::::::: 6t::c:t 1:: :::::0:o::::YP:::::rd 
to overlook any possible stroke of getius or just plain common sense. 
Any company that has had experience with internal sug-
gestion programs will know thattheJostfruitfulideaswilloriginatefrom 
' 
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the ranks where everyday association ith a problem ev.entually 
produces a workable improvement or ctmplete solution. While it 
is not intended that a comparison can be made between a suggestion 
program and a Research program, the parallel is intended to demon-
strate the need for recognizing every rtential source of new ideas 
that is at hand. The cost is small co/pared to the total R & D Bud-
get and infinitely less than the ultimatJ gain from production and 
sale of just one worthwhile idea out of /100 or more submitted. 
Periodically it is strongly rlcommended that a review be 
made of inactive and rejected project~~to determine if some new de-
velopment which seemed totally unrelled at the time has altered the 
feasibility of a discarded idea. Withi a relatively short time, a 
sizable number of such inactives will rccumulate and only a formal 
review can be relied upon to uncover ln old project which has sud-
denly developed some promise. This I need be done only once every 
year or so but it should not be neglec~ed. 
b. Evaluation Committee. In order that Management can 
be assured that adequate attention has been given to each proposal 
submitted to it, some formal procedjre is necessary prior to the 
top management decision. Since all ~hases of the company are ·con-
cerned eventually, it is well to provire for early consideration by all 
concerned. This is most logically d<Dne by an Evaluation Committee 
• 
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which is charged with the responsibilit of receiving, reviewing and 
I 
I 
recommending to top management on e!ach proposal submitted. 
I 
The Committee as a minimum ~hould have a representative 
I 
from Sales, Production and Research~ Development. Unless there 
are strong reasons to the contrary, thr head of each of these opera-
tions would serve as permanent members of the group. As circum-
stances dictate, one or a maximum of two additional members would 
be selected on the basis of their indivrual abilities. In this way, 
each proposal would receive a thorough impartial review from each 
I 
major aspect of the operations and it tould be possible to screen 
out at an early date those ideas which/were impractica-l from one or 
more points of view. While the Committee 1 s recommendations would 
I 
carry considerable weight, it is still lop management1 s responsibility 
to render the final decision. 
Periodic review of active projiects already approved would be 
an equally important function of this <I!ommittee. Having the same 
I 
people overlooking the progress of th~ project would provide an ideal 
continuity of thought, planning and st1ndards for evaluating results. 
Thus, the Committee would be respo~sible for reviewing regul~rly 
the progress report of each active p)oject and recommending to top 
management on its merits for continlation or termination. As before, 
the final decision on such action rest with top management. 
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c. The Progress Report. The single most important docu-
ment connected with a Research project is a regular progress report. 
In it the tecbilical man in charge of the project reduces to writing the 
significant events and findings of the __ prec.edfug: period of technical 
work. Without such a report, no one is aware of what is going on, 
what has been accomplished, and most significantly, what remains 
to be done in the coming periods of project work. 
While it should remain as brief as possible, consistent with 
giving a clear picture, a good progress report must contain three 
basic elements to be useful. First it must state what has been ac-
complished technically'since the last report. Second it must evalu-
ate the significance, technically, of everything that has been accom-
plished since the beginning of the project. Finally, and most im-
portant, it must outline what remains to be done before a final deci-
sion on the project can be made. The final decision refers to either 
going on to a formal Development Project or terminating the project. 
The progress report provides a permanent record of the en-
tire project. As such, it is an invaluable tool to top management who 
is constantly viewing, through its Evaluation Committee, several proj-
ects simultaneously. Therefore it must decide not only on the merits 
of each project but also on the relative merits of the entire group of 
active projects comprising the Research Program as well as the new 
ideas flowing in continuously. Yes, as one may deduce from this, 
priorities for projects are inevitable for as will be shown later, 
there is never sufficient funds available to activate all of the proj-
ects which appear attractive. Thus the progress report 1 s content 
counts heavily in the ultimate decision. 
2. Budgeting 
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The purpose of budgeting is to plan in advance for a reason-
able framework within which a particular operation is expected to 
perform. Budgeting in -the usual sense stresses the financial as-
pects but literally speaking it may be concerned with any or all of 
the phases of an operation such as manpower, time, space, machine 
utilization, etc. In the case of Research & Development both time 
and dollar expenditures are key factors to be dealLwith in the Bud-
geting operation.* 
At this juncture, it is well to think of the entire R & D opera-
tion before settling on to the Research program. In the over-all 
budgeting for a given calendar period, say one year, it is vital to 
think first in terms of the total R & D effort for each component is 
* 28. 
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dependent directly on the total funds available. To provide over-all 
cognizance of the R & D Program, management should expect :to 
approve a total budget for the coming budget period in line with the 
companyl s over-all abilities to support this expenditure. 
The determination of how much should be set aside cannot 
be approached with any predetermined rule of thumb. The propor-
tion of total revenue spent for R & D varies quite widely from indus-
try to industry and there is equal latitude in the range between com-
panies within the same industry. The earlier reference to Tables I 
and II is recalled for further emphasis upon this point. Unfortunately, 
too many companies arrive by some devious line of reasoning to a fig-
ure of x o/o of Gross Sales and then hang on to that limitation through 
all fluctuations when prudent planning would call for a more flexible 
l:t.ne of reasoning. 
Actually the more logical approach to the determination of 
a total R & D budget would be to establish a finite dollar level and, 
allowing for normal increases, consider that as a continuing rate of 
expenditure. There is a sound reason behind this approach. A 1958 
survey of R & D costs shows that expenditures vary in direct propor-
tion to the number of technical personnel engaged in R & D (see Fig-
ure IV). While each company varied slightly, any one company was 
Fl GURE Til: 
COST PER TECHNICAL MAN -YEAR 
(AVERAGE OF NINE TYPICAL RESEARCH 
ORGANIZATIONS SURVEYED) 
THOUSANDS 
~ 
+0 
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ALL INDUSTRY 
N.S.F. SURVEY 
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(AVERAGE RISE OF 9 °/o PER YEAR) 
SOURCE; 
JOHN HOPKINS UNIV. 
SURVEY-1958 
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shown to have a direct proportionality between annual costs and 
number of technical man-years. An approximate rate of 9o/o in-
crease per year over the period 1952 to . 1958 was observed. This 
is a,ttributable to rising salaries and costs of materials. 
Thus, given a fixed dollar budget, it becomes a simple 
arithmetic exercise to translate this into a number of technical men 
that the budget will support. It also suggests that control of addi-
tions to the R & D staff will provide excellent first round control at 
the source of the expense.* Therefore, top management may wish 
to consider the following control mechanism on R & D total costs. 
Approve a dollar and equivalent number of technical men budget. 
Then require prior approval on net additions (not replacement hir-
ing) to the R & D technical staff. Related expenses for nontechnical 
salaries and materials will not vary within reasonable limits. 
From this point on, the budgeting discussion can resume 
the pattern of separating Research from Development. 
a. Planning The Basic Program. Two factors should be 
considered in planning the Research Program. The first is to be 
* 24, pp. 82-84. 
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certain that a reasonable balance is maintained between the share 
of total available effort going into Research and into Development. 
The second is to assure that no individual Research project is ab-
sorbing a disproportionate share of the Research effort while another 
project is lacking. 
The first consideration is best handled by establishing a 
fixed share of the total R & D effort as available to Research projects. 
This share is normally 10o/o-15o/o of total R & D funds with some flexi-
bility permissible in unusual situations. * 
The second and more difficult to control factor is ap-
proached through periodic plann:ing (preferably quarterly and at least 
semi-annually) by the Director, This phase of the planning is handled 
simultaneously with the technical planning of the Evaluation Committee. 
Each Research project is identified bya project number (R-1, R-2, 
etc.) and the funds needed to accomplish the stated objectives during 
the next period is estimated. The total sums of all active projects is 
then compared with the total Research budget for the period. Regular 
monthly cost reports for each project would reveal any project pro~ 
gressingat a rate greater than budgeted as well as any project being 
neglected. Any project not at the planned rate of activity would re-
quire supplementary explanation. 
* 20, pp. 637-638. 
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Such a planning function would accomplish both of the stated 
objectives. The first is to establish the over-all Research budget and 
the second is to plan the individual projects so as to stay within the to-
tal funds available. 
b. Establishing Control Reports. Control reports must be 
developed to measure each of the two factors considered above in the 
Research planning. While it is optimum to review each project as 
soon after the close of the reporting period (usually the calendar 
month) as possible, it is invariably the case that total figures can be 
pro.duced more quickly than supporting detail documents since fewer 
individual items must be collected, transcribed and reproduced for 
distribution. Assuming this to be the case, the first control report 
would be a total of actual Research expenditures compared with the 
budget. Such a report should contain as a minimum, the data indi-
cated in Figure V. 
This would be followed by a project summary tabulation 
showing the status of each project and comparing actual expenditures 
with the project budget. For a sample of this type of report, see 
Figure VI. It is important to note here that the details of allocating 
costs, interdepartmental charges, General and Administrative over-
head rates and the like are an important par_t of developing costs. 
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However, good accounting practice will dictate these procedures and 
the details are not pertinent to this discussion just as long as the bud-
get and actual charges are expressed in the same terms. 
The final control document necessary to the over-all sys-
tem, but of secondary interest to top management except that it must 
be provided, is the detail project report of expenditures. This is an 
itemized report of all charges to the project and is primarily for the 
use of the man directly running the project. It is of importance to 
him to keep liim informed of who is working on the project and how 
much.costs of nonlabor items and total appropriation remaining. 
This permits analysis of the status of the project and provides the 
data necessary for planning the remaining work yet to be done. 
Figure VII suggests the essential data to be provided. 
c. Maintaining Range Of Limits. As is. the case with any 
planning procedure, the budget is only as reliable as the accuracy of 
the person making it in predicting unexpected developments and pro-
viding for the contingencies where necessary. However, it is rea-
sonable to expect that actual costs will usually vary by at least 5o/o to 
lOo/o of the Budget and a 20o/o variation on individual projects is not un-
common. However, in the aggregate, these wide fluctuations will 
tend to average themselves out, if the budgeting is consistent. Ex-
perience does show that overexpenditures are more likely to occur 
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than tiiiderexpenditures however. For that reason it is advisable 
to establish a range of limits to review situations automatically 
that appear to be out of line. 
This review should take place as soon as expenditures 
vary from the budget by more than a reasonable amount, say lOo/o 
of the total appropriation in the quarter. This should be done on 
projects that are under budget in order to determine if a project 
is being neglected as well as those projects which are over budget. 
The individual review procedure should be tailored to the com-
pany's needs but normally a brief communication from the R & D 
Director is sufficient for the usual events. However, more formal 
review may be required if a project continues a pattern for several 
consecutive periods. Finally, the regular Evaluation Committee 
review should provide for special attention to those projects where 
costs are out of line at the time of revaluation. 
3. Expected Results 
As with any operation within the company involving a 
management decision, it is reasonable to expect a clear state-
ment of the eventual results to be gained from a Researchproject. 
This is important no.t only in considering the initiation of the proj-
ect but also in determining the priority and rate of activity it 
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should have. Recalling that Research is carried on at a stage where 
it is too early to set down positive statements of profitability to the 
company, and also remembering that only a small fraction of the Re-
search projects ever get to the Development and finally, production 
phases, there are other ways of stating the results to be expected. 
The four most frequent end results will be reviewed briefly to provide 
a framework in which to categorize potential Research projects. 
a. Advancement Of The Science. The majority of Research 
projects will begin as an exploration to gain further knowledge. The 
knowledge so acquired will then be used to determine whether further 
effort is justified beyond the point of the initial search. Such projects 
inevitably lead into one of three possible channels that are described 
below. Hence it is important to appreciate that the addition of this 
knowledge to the general storehouse of science is an expected and 
unilateral outcome to any other motivation or exp-ectation. 
It is customary to allocate a small portion of the Research 
budget for just such exploratory work without going through the for-
mality of individual projects for each new task. The scope of the use 
of this is then administered by the R & D Director on the basis of dis-
cussions with his associates inside as well as outside of the department. 
This may appear contradictory to budgeting discussion above. 
However, the finite description of much of this early exploratory 
work is so vague that the mechanics of securing approvals is diffi-
cult to justify in view of the small expenditure of the technical staff 
time involved. 
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Even negative results of Research projects add to the 
general knowledge. The unsuccessful attempts of Research to 
follow a particular line of exploration will be extremely significant 
to the next per son who.~ independently, receives a similar inspiration 
to follow the path previously taken. He will be alerted to avoiding 
the same pitfall. For this reason, it is imperative that the negative 
results of research be recorded just as accurately and completely 
as the more fruitful results. 
b. Projects For Further Development. It is obvious that 
the primary objective of a Research programis to pursue success-
fully the quest for a new product that will be suitable for further De-
velopm:ent work and,ultimately, that will become a production item. 
The actual proportion of such successful projects is small consider-
ing the total number of projects involved. The statistics on this point 
are vague but the consensus is that only 10% to 15% of all Research 
projects are suitable for the transition to Development. Similarly 
perhaps only one in 100 becomes a revolutionary development, the 
majority being typical of the gradual transition occurring continu-
ously in the industrial field. 
This rate of productive Research projects has a very 
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real significance to the management when evaluating the over-all 
results. It should be observed that if this rate varies significantly 
from the accepted yardsticks, it can be a symptom of poor selection 
of Research projects. For instance if the rate becomes very small, 
say two to three percent. then it should be reviewed to see if too 
many ill-considered proposals are reaching the project stage. On 
the other hand, if the rate climbs to 30o/o, then it is possible that the 
screening of proposals is too severe and, as a result, potentially 
fertile ideas are being rejected before sufficient study by a project 
effort. Either extreme therefore should be a warning signal to man-
agement that an over-all review of the Research program is in order. 
c. Marketable Knowledge. Every Research program oc-
casionally finds itself at the end of a Research project with a product 
or patentable knowledge that lies outside the scope of over-all com-
pany operations. For one reason or another, be it lack of capital to 
undertake a new venture, incompatability of marketing methods or 
similar operational consideration, the company finds it cannot 
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use the results of the Research effort. Yet it has a very real value 
to other companies, be they noncompetitors or operating in different 
market areas. The problem becomes one of diverting the project 
results into useful channels outside the company, normally in ex-
change for financial consideration to cover the costs already incurred. 
Two practical methods of accomplishing this are widely 
used. The first is outright sale of the project results at a price 
consistent with the value of the knowledge to the purchaser. Ideally 
the price would cover the research costs plus a reasonable profit 
but this is not a necessary factor. If the sale is consummated at 
any price, the income is more than would otherwise be realized on 
the project. Negotiations will be influenced more by the profit on 
production the purchaser expects and its value to him. 
Where the project is of such a nature that several com-
panies can use it simultaneously to their own advantage, the licensing 
agreement is usually employed. Under this arrangement, the project 
remains the property of the owner and he in effect sells permission 
to use it in return for a payment to the owner. This income may be 
based on number of units produced or on the basis of fixed amounts 
at regular intervals. In this way, a regular income is derived from 
the project with no further cost to the company, except possibly to 
police the licensees for compliance. 
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Other more complicated methods of putting marketable 
knowledge to profitable use are used but the me~hanics are basically 
the same, sale or lease 0f the rights in return for income. 
d. Apparent Failure. The complementary result of a 
Research project to the three outlined above is of course apparent 
failure. Here, for clarity, it is best to think of failure as being un-
successful in achieving the predicted goal. 
Statistically, this is the result that will be experienced 
most often. That knowledge, in itself, does not lessen the disap-
pointment experienced each time it happens. Naturally, careful 
analysis and review is needed each time in order to benefit from the 
lessons learned so that knowledge may be applied to future endeavor. 
From that point of view, no project can be a complete failure for 
there is always something to be learned from each experience. Like-
wise it is difficult to imagine a research effort, no matter how small, 
that does not add some technical knowledge or skill that may be useful 
at some time in the future on another effort. This, too, falls in the 
category of learning from experience. 
Aside from the corollary points made in Section b above 
on the significance of major changes in the rate of apparent failure, 
one other significant control is of value to management. That· is the 
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rate of expenditure of funds on such unsuccessful projects. With 
the relatively small amount of funds available for the total research 
program, it is imperative that as little as possible be expended on 
those projects which do not culminate in useable knowledge. This 
requires frequent review of each project and the sound business ap-
proach to the decision of continuing a project. The early exploratory 
phases if properly conducted and soundly evaluated, will indicate 
quite quickly if a project is unpromising. At the moment that this 
occurs, positive action must be taken to assure that no further effort 
is devoted to it. There are always many other projects waiting to get 
under way. It is an unnecessary waste to spend further time on a 
project that is known to lead nowhere. 
Management will do well to review all closed projects 
regularly with a keen eye to the proportion of the total research effort 
which has been expended on them. If that total in a given period of time 
approaches one-third of the Research budget, an over-all evaluation is 
in order not only on the economic justification but also on the technical 
direction. A very minimum of two-thirds of the Research effort is 
needed to accomplish the work necessary to complete the other 10-15o/o 
of the projects which are successful. 
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B. DEVELOPMENT ACTIVITIES 
A great deal of similarity exists between Development ac-
tivities' controls and those already discussed under Research. One 
fundamental difference in the approach to the control is in evidence, 
the order of magnitude of funds involved. Recall for instance that of 
the total expenditures for Research and Development only about 10-
15o/o is normally designated for Research. The balance is the share 
for Development. Thus the importance of controls is increased sub-
stantially from the financial outlay point of view. Similarly, the com-
pany's over-all interest has a stake in proper control of Development. 
At that stage, much careful planning has been done and the decision 
made to prepare a product for production. The more effectively this 
is done, the more quickly the company will be able to reap the reward, 
pro_fit-wise, of its investment in the project and justify the soundness 
of its decision. 
With that preamble, the task of setting up controls for De-
velopment should be approached vigorously. 
1. Technical Phases 
How ever more difficult the task of controlling the technical 
aspects may be, management will at least find itself dealing with finite 
objects to which it is more accustomed. This will be a considerable 
95 
contrast to its objective in the Research activities where it was nec-
essary to evaluate and make decisions on intangible ideas, influenced 
by such human traits as self-confidence in and enthusiasm for the end 
results. Development has a significantly well-defined beginning and· 
end. In between there are discernable check points at which evalua-
tion and control may be applied. 
Each project should be treated as a series of dependent 
tasks, each following the next in logical sequence. Each task then 
may have a definite allocation of funds and, equally important, a 
specific time period in which it is to be completed. Thus time as 
well as fiscal measures against predetermined budgets form the basis 
for control. 
a. Sources Of Projects. As in the case with Research, 
Development project recommendations will originate from a variety 
of sources, though not nearly as numerous. Recall that Development 
does not begin until there is a model or laboratory sample in existence. 
Therefore, the likelihood of such beginnings coming from more than a 
few sources is remote. 
Quite naturally, the most logical originating point is the re-
sults of the Research activities. The successful Research project will 
usually take precedence. A great deal of effort and soul- searching 
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decision-making will have gone into the project already. There will 
be much more familiarity with the over-all aspects of it. Most likely, 
only the formal transfer of status from Research to Development proj-
ect and allocation of funds is necessary to continue progress. However, 
an excellent opportunity exists at this time for a careful re-evaluation 
based on current circumstances. It is doubly important to review the 
effects on all phases of company operations before the costly Develop-
ment process commences. Once begun, the total investment increases 
rapidly. 
This evaluation must be no less critical than that of any other 
recommended project which may have originated outside of the R & D 
program. Such recommendation may come from a Research program 
outside the company which is offering to sell or license its rights to a 
company prepared to continue with the development. The manufactur-
ing function is usually a prime source, also. Proposals may originate 
through a salesman from a customer who has done the necessary back-
ground work in anticipation of a supplier doing the development for 
production and sale back to the customer. This is quite common where 
the customer prefers not to undertake the development investment. 
Other incidental sources are of no major importance and would deserve 
attention only as each individual circumstance·would dictate. Active 
solicitation would probably not be justified in the returns. 
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b. Evaluation Committee. As with the Research program 
the Evaluation Committee provides an excellent mechanism for con-
sidering all projects to assure adequate attention to every phase of 
the operations. Individual circumstances will vary but, in general, 
the basic committee would be the same as the Research Evaluation 
Committee, namely the R & D Director, Sales Manager and Produc-
tion Manager. In addition, one vital phase needs a voice in the evalua-
tion, specifically, Finance. The Treasurer or Controller will find 
his operation affected substantially by the work of this group and 
conversely, the Committee as a whole would benefit by having the 
first hand knowledge of financial matters as they relate to the Develop-
ment program. The total capital necessary for the completion of the 
project as well as the production requirements must be within reason-
ably attainable limits before initial work begins. Otherwise unneces-
sary waste of effort and money will result. 
As before, the responsibility of the Committee will be to 
evaluate thoroughly and recommend to top management. Final ap-
proval still rests with top management. 
c. The Progress Report. The importance of regular Pro-
gress Reports which are thorough and complete in the summation of 
past accomplishments and future plans cannot be overstated. True, 
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physical evidence of progress will exist in visual form but transla-
tion of the project status relative to the end point as well as the pre-
determined schedule must be done in writing by the technical man di-
rectly responsible. 
Accuracy and dependability of the reports will determine 
the attitude to be adopted and the decisions to be made. As a mini-
mum, estimates of time and expenditures should be included as well 
as possible changes in over-all planning necessary as a result of pre-
viously unavailable knowledge. This data will permit reappraisal of 
over-all feasibility at any point in the Development project, particu-
larly at the completion of each of the several tasks of the total work. 
2. Budgeting 
The determination of the total R & D Budget and the divi-
sion of funds between the two activities has already been discussed. 
Control of the Development Budget requires a clear understanding of 
what constitutes Development costs. In general, the Development 
costs of a particular project will be expended simultaneously with 
other costs related to the preparation of the new product for produc-
tion and sale. Careful attention must be paid to the separation of 
costs of such activities as tool engineering, factory layout, market 
research and the like. Otherwise, in collecting data for the total 
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cost of getting the product to the market, management will have no 
concept of what the actual Development costs are and how experience 
·compares with the original estimates. It behooves management to 
require separate cost data for the Development phases of a project. 
Only in this way can it evaluate all of the Development program. 
a. Establishing The Total Investment. Approaching the 
problem of budgeting the Development program, project by project, 
management cannot avoid careful perusal of the total investment re-
quired to bring the project to complete fruition. While this total out-
' ~ \. :_ ... -::,.::..-.-~~~-
lay of funds goes far beyond the scope of the Developfo~~t work its"elf, 
....... 
initiation of the project cannot take place without s~Ip.e concept of the 
total investment needed to give the Development wor~any significance. 
/" . 
Obviously to begin a Development project before realizirlg that the to-
tal capital need is beyond availability would be a total loss of the De-
velopment effort. Invariably another promising project which has capi-
tal requirements within reach is always available to take its place. 
Thus a critical financial analysis must precede the decision 
to approve a Development project. Such a study must view all aspects 
of Sales and Production as well as total Development cost estimates in 
relation to the Financial operations. Only after this has been set down 
and can be defended, is the management ready to procede with project 
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approval. Regular review of the over-all financial plan is similarly 
indicated as the project progresses through its various tasks. It is 
not uncommon for a technically sound project to become unfeasible 
due to shifts in the financial fortunes of the company. 
b. Establishing The Initial Appropriation. Now the proj-
ect is ready for approval. A well documented picture of the time and 
money needs is at hand. All that remains is to decide that Task I of 
the project will begin. This will have fixed time and money require-
ments. Only that portion necessary to carry the project to the next 
evaluation point in the sequence, prior to Task II, is approved initially. 
This provides automatic stoppage of the project at the desired point in 
order to carry out the necessary re-evaluations of the technical, finan-
cial, and over-all feasibility aspects. Management is thereby as-
sured of sufficient controls to keep the project within bounds. Such 
assurances are particularly necessary at the outset of the project be-
cause at that stage, estimates are necessarily preliminary and subject 
to change. Without periodic review, all control of total costs would be 
lost as the project moved along, accelerating its pace as it progressed. 
c. Extending Subsequent Appropriations. As each control 
point is reached, the succeeding Task is subject to specific approval in 
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much the same fashion. Over-all review of the program is carried 
out, the necessary re-evaluations made and if appropriate, the next 
block of funds are budgeted and work continues. As long as the proj-
ect procedes according to the original pattern within reasonable 
limits and as long as outside circumstances are unchanged, no ap-
parent reason exists to changethe original decision. 
Note however, that a change in any of the related factors 
may necessitate a fresh appraisal of the total picture with special 
emphasis on the effect of change of any of the parameters associated 
with it. Maintaining these controls will provide a positive mechanism 
to permit reconsideration at the earliest opportunity rather than after 
it is too late to remedy the situation. 
The sum total of all of the project appropriations must 
naturally fall within the total Development funds available. This pro-
cedure is similar to the Research program. Establishment of a pri-
., 
orities system will usually follow the natural sequence of events. 
d. Establishing Control Reports. The control reports for 
Development, like their counter parts in the Research program will 
fall into three general types, two of them going to top management. 
The first reports on the total Development effort and the second con-
cerns the status of each project. Since time is a vital element due to 
r 
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the effect of Development of parallel activities throughout the com-
pany, the schedule is reported in comparison to the original esti-
mate just as expenditures are compared to the budget. The third 
report, a detailed expense listing is for the use of the R & D depart-
ment only. Samples of each of these are shown in Figures vm, IX, 
and X respectively. 
The prominence of the 11 TARGET DATEfl or similar de-
scription of the final ending date emphasizes the need for keeping 
every person affected by the project informed of the date on which 
the project will be turned over to Production. Each department in 
the organization must gear its planning to this key date. Periodi-
cally, perhaps quarterly, the summary tabulation, excluding the 
budget and cost data, would be distributed to each department head 
in the company. This provides him with up-to-date estimates with 
which to coordinate the planning necessary in his particular function. 
3. Expected Results 
In direct contrast to the Research project which is con-
ducted as an exploratory activity, each Development project has a 
well defined end objective which has reasonable expectations of 
being achieved. Given sound evaluation at the outset and a continu-
ing review during the life of the project, only major changes in out-
side influencing factors should shift the end result. Inevitably, 
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however, technical reverses are possible at any stage of the Develop-
ment process, even though their anticipation may be impossible. 
Nevertheless, the contingency element should be considered to be a 
part of each separate effort. 
a. Ready For Production. Successful completion of the 
Development phases and transfer of the new product to production 
activity is, naturally, the most frequent result of Development proj-
ects. All of the technical aspects of the problem have been solved as 
expected, the estimates and forecasts have been accurate and the 
company has a new product. 
One major problem occasionally appears at that point in 
spite of the apparent success of the project in fulfilling the predefined 
objectives. That problem concerns reluctance by the individuals con-
cerned to formalize the transfer of responsibilities from R & D to Pro-
duction. Whether this reluctance stems from the unwillingness of 
R & D to relinquish responsibility on the grounds that the project is 
not satisfactory technically for production or whether Production 
does not want to accept the task of tackling an untried item is im-
material. The re.sult is a stalemate. 
This eventuality can be anticipated and avoided through 
proper liaison between the parties involved at all stages of the 
, 
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Development project. This is particularly vital a:s the ''Target Date" 
approaches. Any unresolved questions may be taken up and recon-
ciled early enough to assure a smooth transfer of the responsibility 
at the specified date. Naturally, after the shift, R & D will continue 
its interest and should be available to assist Production wherever 
circumstances dictate. However, management has a real duty to 
perform to assure that responsibility is at the proper place in the 
over-all picture at the appointed time. Without such positive action, 
transfer may be delayed unnecessarily with an evitable loss in effort 
and time advantage. 
b. Marketable Process. Like the Research effort, a 
Development project reaches its planned completion in a form which 
has great interest to parties outside the company. In the event that 
Production internally is unfeasible, the interest of the company in 
the project may be sold outright or licensing for outside production 
may be extended~ In a-ddition a third outlet for the results of develop-
ment lies in the joint venture where one or more companies set up a 
subsidiary, jointly owne~ to carry out the production activity. This 
is particularly useful where the capital requirements are beyond reach 
of any one of the companies. By pooling resources and sharing the 
risks, each profits proportionately from the combined venture. 
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Because of the investment costs involved, it is unusual 
for the entire Development project to be carried out on a specula-
tive basis for this purpose. Usually negotiations will be hpld early 
in the Development phases to provide some assurances of an end 
use for the final results. However, if a disproportionate share of 
the total Development program is devoted to these external interests, 
the company as a whole may suffer. The primary purpose of R & D 
should be to provide new items for internal production to replace 
those no longer in demand. Failure to channel projects accordingly 
may spell disaster in the long run. 
c. Apparent Failure. The Development project which 
does not culminate in its original objective or a satisfactory alter-
nate represents a failure in many ways. Substantial amounts of 
time and company funds will have been invested and there usually 
is little prospect of recovery of any part of the latter. 
Two objectives should be accomplished on an abandoned 
project. The first step, as soon as the fate is known, is to evaluate 
everything that has gone before in an effort to determine the real 
reasons behind the lack of success. Once these are established, 
some further study is in order to find how the event could have been 
foreseen. This accomplishes two things, fixing responsibility at the 
proper point and conversely relieving others of undue criticism; 
secondly, learning how to avoid the same errors in the future. 
The second step is to periodically, perhaps once or 
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twice a year, review briefly all closed projects. In the event that 
circumstances have altered a situation, possible reactivation may 
lead to profitable results. This is particularly true of projects 
suspended for economic; market or policy reasons. Sale of the 
results to new outside interests may become feasible at later times. 
Management is prepared to expect reasonable rates of 
lack of success in any program that is as forward looking as De-
velopment. However, periodic review of all inactive projects is 
necessary to assure that no pattern of repeated errors exists. If 
it does; corrective steps as necessary are in order. Without such 
review control the financial risks are indeed great. 
V. SUMMARY AND CONCLUSIONS 
"The function of Research is to supply Production and 
Sales management with the answers to problems before they are 
needed. ''* If this objective is to be realized, effective use of the 
Research and Development effort requires the positive support of 
top management and adequate controls to guide it. Before an en-
thusiastic reception by management is possible, it must under-
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stand what R & D is, how it functions, where it fits into the over-
all organization, who will direct it and when to initiate the pro gram. 
The earlier sections developed answers to these basic 
questions in only the most general terms. Yet some appreciation 
of the complexity of this relatively new and rapidly growing indus-
trial activity is readily apparent. However, the written description 
is no substitute for first hand experience and observations of R & D 
actually at work. To the company seriously considering the begin-
nings of an R & D effort, discussions with business associates al-
ready engaged in this activity successfully would be very enlightening 
to the top management. Additional experiences wherever found would 
add to the understanding immeasureably. It is by no means a decision 
to be considered lightly. 
* Professor George W. Howe- Boston University lecture, 
March 6, 1958. 
108 
The more important task of controlling Research and De-
velopment takes on added significance with the realization of the 
potential returns. Costs generally are the first thought where con-
trols are indicated. However, a much broader definition is required 
for true management control since costs are fundamentally a reflec-
tion of some form of human activity in business. No cost can be in-
curred unless there is a related decision first to consider the expen-
diture and then to incur the actual expense. 
Therefore the R & D control pattern developed here has a 
two-fold objective, t~ control the activities which R & D will under-
take and to control the results of the program. In the broad sense 
used here controls are applied to both the technical as well as the 
financial aspects. 
The essential steps developed for assuring this scope of 
control are restated briefly as follows. 
1. An annual rate of total Research and Development 
funds is determined in line with the company1 s ability to support 
this expenditure through all but the most drastic economic strin-
gencies. 
2. The total R & D budget is divided between Research 
Projects and Development Projects, thus establishing over-all 
limits on the rate of each activity. 
3. Proposed Research projects are presented with 
adequate technical descriptions and estimated costs. 
4. A Research Evaluation Committee is established. 
This committee reviews all proposed as well as active projects 
for the technical aspects and recommends action to top manage-
ment. 
5. A priority system is set up to control Research 
Projects activity within the prescribed financial limits. 
6. Control reports on rate of expenditures are de-
veloped to assure that the rate of activity on each project as 
well as the total Research effort is at the desired level. 
7. Regular technical review of each active project 
by the Evaluation Committee is provided. 
8. Periodic review and evaluation of inactive Re-
search projects is provided. 
9. Proposed Development projects are presented 
with adequate technical descriptions and estimated costs. Re-
lated financial investments and expense are also included. 
10. A Development Evaluation Committee is estab-
lished. This committee reviews all proposed as well as active 
projects for the technical aspects and recommends action to top 
management. 
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11. A priority system is set up to control Develop-
ment Projects activity within the prescribed financial limits. 
12. Control reports on rate of expend~tures are de-
veloped to assure that the rate of activity on each project as 
well as the total Development effort is at the desired level. 
13. The target date or planned point of transfer of 
the project from Development to Production is reported to all 
persons concerned. 
14. Regular technical review of each project by the 
Evaluation Committee is provided. 
15. Periodic review and evaluation of all inactive 
Development projects is provided. 
As is the case with any procedure in business, it 
need only be as explicit as circumstances dictate. Modifica-
tion or elaboration is possible provided that management is 
able to use the system to accomplish its fundamental pur-
110 
pose, control of Research and Development to achieve maximum 
effectiveness in over-all company operations. 
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